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Figure 3 A — D: QOrientation and combination of the functional elements (promaotor, NEENA, gene,
terminator) of the plant expression VC-LJB913-1qcz (SEQ-ID 33), VC-LIB1327-1q¢z (SEQ-ID 34),
VC-LJB2003-1qcz (SEQ-ID 35) and VC-LJB2197(SEQ_ID 1486).
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Figure B
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Figure C
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Figure D
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REGULATORY NUCLEIC ACID
MOLECULES FOR ENHANCING
SEED-SPECIFIC GENE EXPRESSION IN
PLANTS PROMOTING ENHANCED
POLYUNSATURATED FATTY ACID
SYNTHESIS

RELATED APPLICATIONS

This application is a national stage application (under 35
U.S.C. §371) of PCT/EP2010/062561, filed Aug. 27, 2010
which claims benefit of U.S. Provisional Application No.
61/238,254, filed Aug. 31, 2009 and European Application
No. 09169079.2, filed Aug. 31, 2009.

SUBMISSION OF SEQUENCE LISTING

The Sequence Listing associated with this application is
filed in electronic format via EFS-Web and hereby incorpo-
rated by reference into the specification in its entirety. The
name of the text file containing the Sequence Listing is
Revised_Sequence_List_13987_00173_US. The size of the
text file is 318 KB and the text file was created on Mar. 23,
2012.

The invention in principle pertains to the field of recom-
binant manufacture of fatty acids. It provides novel nucleic
acid molecules comprising nucleic acid sequences encoding
fatty acid desaturases, elongases, acyltransferases, termina-
tor sequences and high expressing seed-specific promoters
operatively linked to the said nucleic acid sequences
wherein nucleic acid expression enhancing nucleic acids
(NEENAs) are functionally linked to said promoters.

The invention also provides recombinant expression vec-
tors containing the nucleic acid molecules, host cells or host
cell cultures into which the expression vectors have been
introduced, and methods for large-scale production of long
chain polyunsaturated fatty acids (LCPUFAs), e.g. arachi-
donic acid (ARA), eicosapentaenoic acid (EPA) or docosa-
hexaenoic acid (DHA).

DESCRIPTION OF THE INVENTION

Expression of transgenes in plants is strongly affected by
various external and internal factors resulting in a variable
and unpredictable level of transgene expression. Often a
high number of transformants have to be produced and
analyzed in order to identify lines with desirable expression
strength. As transformation and screening for lines with
desirable expression strength is costly and labor intensive
there is a need for high expression of one or more transgenes
in a plant. This problem is especially pronounced, when
several genes have to be coordinately expressed in a trans-
genic plant in order to achieve a specific effect as a plant has
to be identified in which each and every gene is strongly
expressed.

For example, expression of a transgene can vary signifi-
cantly, depending on construct design and positional effects
of the T-DNA insertion locus in individual transformation
events. Strong promoters can partially overcome these chal-
lenges. However, availability of suitable promoters showing
strong expression with the desired specificity is often lim-
ited. In order to ensure availability of sufficient promoters
with desired expression specificity, the identification and
characterization of additional promoters can help to close
this gap. However, natural availability of promoters of the
respective specificity and strength and the time consuming
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characterization of promoter candidates impedes the identi-
fication of suitable new promoters.

In order to overcome these challenges, diverse genetic
elements and/or motifs have been shown to positively affect
gene expression. Among these, some introns have been
recognized as genetic elements with a strong potential for
improving gene expression. Although the mechanism is
largely unknown, it has been shown that some introns
positively affect the steady state amount of mature mRNA,
possibly by enhanced transcriptional activity, improved
mRNA maturation, enhanced nuclear mRNA export and/or
improved translation initiation (e.g. Huang and Gorman,
1990; Le Hir et al., 2003; Nott et al.,, 2004). Since only
selected introns were shown to increase expression, splicing
as such is likely not accountable for the observed effects.

The increase of gene expression observed upon function-
ally linking introns to promoters is called intron mediated
enhancement (IME) of gene expression and has been shown
in various monocotyledonous (e.g. Callis et al., 1987; Vasil
et al.,, 1989; Bruce et al, 1990; Lu et al, 2008) and
dicotyledonous plants (e.g. Chung et al., 2006; Kim et al.,
2006; Rose et al., 2008). In this respect, the position of the
intron in relation to the translational start site (ATG) was
shown to be crucial for intron mediated enhancement of
gene expression (Rose et al., 2004).

Next to their potential for enhancing gene expression, few
introns were shown to also affect the tissue specificity in
their native nucleotide environment in plants. Reporter gene
expression was found to be dependent on the presence of
genomic regions containing up to two introns (Sieburth et
al., 1997; Wang et al., 2004). 5' UTR introns have also been
reported to be of importance for proper functionality of
promoter elements, likely due to tissue specific gene control
elements residing in the introns (Fu et al., 1995a; Fu et al.,
1995b; Vitale et al., 2003; Kim et al., 2006). However, these
studies also show that combination of introns with heter-
ologous promoters can have strong negative impacts on
strength and/or specificity of gene expression (Vitale et al.,
2003; Kim et al, 2006, WO2006/003186, WO2007/
098042). For example the strong constitutive Cauliflower
Mosaic Virus CaMV35S promoter is negatively affected
through combination with the sesame SeFAD2 5' UTR
intron (Kim et al., 2006). In contrast to these observations,
some documents show enhanced expression of a nucleic
acid by IME without affecting the tissue specificity of the
respective promoter (Schiinemann et al., 2004). Introns or
NEENAs that enhance seed-specific expression when func-
tionally linked to a heterologous promoter have not been
shown in the art.

In the present application further nucleic acid molecules
are described that enhance the expression of said promoters
without affecting their specificity upon functionally linkage
to seed-specific promoters. These nucleic acid molecules are
in the present application described as “nucleic acid expres-
sion enhancing nucleic acids” (NEENA). Introns have the
intrinsic feature to be spliced out of the respective pre-
mRNA. In contrast to that the nucleic acids presented in the
application at hand, do not necessarily have to be included
in the mRNA or, if present in the mRNA, have not neces-
sarily to be spliced out of the mRNA in order to enhance the
expression derived from the promoter the NEENAs are
functionally linked to.

DETAILED DESCRIPTION OF THE
INVENTION

A first embodiment of the invention pertains to a poly-
nucleotide that promotes enhancing of polyunsaturated fatty
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acid synthesis, therefore it pertains in generally in the
recombinant manufacture of polyunsaturated fatty acids.

Fatty acids are carboxylic acids with long-chain hydro-
carbon side groups that play a fundamental role in many
biological processes. Fatty acids are rarely found free in
nature but, rather, occur in esterified form as the major
component of lipids. As such, lipids/fatty acids are sources
of energy (e.g., b-oxidation). In addition, lipids/fatty acids
are an integral part of cell membranes and, therefore, are
indispensable for processing biological or biochemical
information.

Fatty acids can be divided into two groups: saturated fatty
acids formed of single carbon bonds and the unsaturated
fatty acids which contain one or more carbon double bonds
in cis-configuration. Unsaturated fatty acids are produced by
terminal desaturases that belong to the class of nonheme-
iron enzymes. Each of these enzymes are part of an electron-
transport system that involves one or two other proteins,
namely cytochrome b and NADH-cytochrome by reductase.
The cytochrome b5 functionality can also be n-terminally
fused to the desaturase moiety of one single protein. Spe-
cifically, such enzymes catalyze the formation of double
bonds between the carbon atoms of a fatty acid molecule, for
example, by catalyzing the oxygen-dependent dehydroge-
nation of fatty acids (Sperling et al., 2003). Human and other
mammals have a limited spectrum of desaturases that are
required for the formation of particular double bonds in
unsaturated fatty acids and thus, have a limited capacity for
synthesizing essential fatty acids, e.g., long chain polyun-
saturated fatty acids (LCPUFAs). Thus, humans have to take
up some fatty acids through their diet. Such essential fatty
acids include, for example, linoleic acid (C18:2), linolenic
acid (C18:3). In contrast, insects, microorganisms and plants
are able to synthesize a much larger variety of unsaturated
fatty acids and their derivatives. Indeed, the biosynthesis of
fatty acids is a major activity of plants and microorganisms.

Long chain polyunsaturated fatty acids (LCPUFAs) such
as docosahexaenoic acid (DHA, 22:6(4,7,10,13,16,19)) are
essential components of cell membranes of various tissues
and organelles in mammals (nerve, retina, brain and immune
cells). For example, over 30% of fatty acids in brain phos-
pholipid are 22:6 (n-3) and 20:4 (n-6) (Crawford, M. A., et
al., (1997) Am. J. Clin. Nutr. 66:1032 S-1041S). In retina,
DHA accounts for more than 60% of the total fatty acids in
the rod outer segment, the photosensitive part of the pho-
toreceptor cell (Giusto, N. M., et al. (2000) Prog. Lipid Res.
39:315-391). Clinical studies have shown that DHA is
essential for the growth and development of the brain in
infants, and for maintenance of normal brain function in
adults (Martinetz, M. (1992) J. Pediatr. 120:S129-S138).
DHA also has significant effects on photoreceptor function
involved in the signal transduction process, rthodopsin acti-
vation, and rod and cone development (Giusto, N. M., et al.
(2000) Prog. Lipid Res. 39:315-391). In addition, some
positive effects of DHA were also found on diseases such as
hypertension, arthritis, atherosclerosis, depression, throm-
bosis and cancers (Horrocks, L. A. and Yeo, Y. K. (1999)
Pharmacol. Res. 40:211-215). Therefore, appropriate dietary
supply of the fatty acid is important for human health.
Because such fatty acids cannot be efficiently synthesized by
infants, young children and senior citizens, it is particularly
important for these individuals to adequately intake these
fatty acids from the diet (Spector, A. A. (1999) Lipids
34:S1-S3).

Currently the major sources of DHA are oils from fish and
algae. Fish oil is a major and traditional source for this fatty
acid, however, it is usually oxidized by the time it is sold. In
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addition, the supply of fish oil is highly variable, particularly
in view of the shrinking fish populations. Moreover, the
algal source of 0il is expensive due to low yield and the high
costs of extraction.

EPA and ARA are both AS essential fatty acids. They form
a unique class of food and feed constituents for humans and
animals. EPA belongs to the n-3 series with five double
bonds in the acyl chain. EPA is found in marine food and is
abundant in oily fish from North Atlantic. ARA belongs to
the n-6 series with four double bonds. The lack of a double
bond in the -3 position confers on ARA different properties
than those found in EPA. The eicosanoids produced from
ARA have strong inflammatory and platelet aggregating
properties, whereas those derived from EPA have anti-
inflammatory and anti-platelet aggregating properties. ARA
can be obtained from some foods such as meat, fish and
eggs, but the concentration is low.

Gamma-linolenic acid (GLA) is another essential fatty
acid found in mammals. GLA is the metabolic intermediate
for very long chain n-6 fatty acids and for various active
molecules. In mammals, formation of long chain polyun-
saturated fatty acids is rate-limited by A6 desaturation.
Many physiological and pathological conditions such as
aging, stress, diabetes, eczema, and some infections have
been shown to depress the A6 desaturation step. In addition,
GLA is readily catabolized by the oxidation and rapid cell
division associated with certain disorders, e.g., cancer or
inflammation. Therefore, dietary supplementation with GLA
can reduce the risks of these disorders. Clinical studies have
shown that dietary supplementation with GLA is effective in
treating some pathological conditions such as atopic
eczema, premenstrual syndrome, diabetes, hypercholester-
olemia, and inflammatory and cardiovascular disorders.

A large number of beneficial health effects have been
shown for DHA or mixtures of EPA/DHA. DHA is a n-3
very long chain fatty acid with six double bonds.

Although biotechnology offers an attractive route for the
production of specialty fatty acids, current techniques fail to
provide an efficient means for the large scale production of
unsaturated fatty acids. Accordingly, there exists a need for
an improved and efficient method of producing unsaturated
fatty acids, such as DHA, EPA and ARA.

Thus, the present invention relates to a polynucleotide
comprising:

a) at least one nucleic acid sequence encoding a polypep-

tide having desaturase or elongase activity;

b) at least one seed-specific and/or a seed-preferential
plant promoter operatively linked to the said nucleic
acid sequence;

c) at least one terminator sequence operatively linked to
the said nucleic acid sequence and

d) one or more nucleic acid expression enhancing nucleic
acid (NEENA) molecule functionally linked to said
promoter and which is/are heterologous to said pro-
moter and to said polypeptide defined in a).

In one embodiment the term “polynucleotide” as used in
accordance with the present invention relates to a polynucle-
otide comprising a nucleic acid sequence which encodes a
polypeptide having desaturase or elongase activity. Prefer-
ably, the polypeptide encoded by the polynucleotide of the
present invention having desaturase, or elongase activity
upon expression in a plant shall be capable of increasing the
amount of PUFA and, in particular, LCPUFA in, e.g., seed
oils or the entire plant or parts thereof. Such an increase is,
preferably, statistically significant when compared to a
LCPUFA producing transgenic control plant which
expresses the present state of the art set of desaturases and
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elongases required for LCPUFA synthesis but does not
express the polynucleotide of the present invention. Whether
an increase is significant can be determined by statistical
tests well known in the art including, e.g., Student’s t-test.
More preferably, the increase is an increase of the amount of
triglycerides containing LCPUFA of at least 5%, at least
10%, at least 15%, at least 20% or at least 30% compared to
the said control. Preferably, the LCPUFA referred to before
is a polyunsaturated fatty acid having a C-20 or C-22 fatty
acid body, more preferably, ARA, EPA or DHA. Suitable
assays for measuring the activities mentioned before are
described in the accompanying Examples.

The term “desaturase” or “elongase” as used herein refers
to the activity of a desaturase, introducing a double bond
into the carbon chain of a fatty acid, preferably into fatty
acids with 18, 20 or 22 carbon molecules, or an elongase,
introducing two carbon molecules into the carbon chain of
a fatty acid, preferably into fatty acids with 18, 20 or 22
carbon molecules

Preferred polynucleotides are those having a nucleic acid
sequence as shown in SEQ ID NOs: 95, 96, 97, 98, 99, 100
or 101 encoding for polypeptides exhibit desaturase or
elongase activity (see table 3)

Other preferred polynucleotides are those having a
nucleic acid sequence are shown in SEQ ID NOs: 102 or 103
encoding a polypeptide having desaturase or elongase activ-
ity (see table 4, also), that are especially used in addition to
the polynucleotides listed in table 3 for synthesis of 22:6n-3
(DHA), i.e. in rapeseed.

A preferred seed-specific promoter as meant herein is
selected from the group consisting of Napin, USP, Conlinin,
SBP, Fae, Arc and LuPXR. Other most preferred seed-
specific promoter as meant herein are encoded by a nucleic
acid sequence as shown in SEQ ID NOs: 25, 26, 27, 28, 29
or 30. A person skilled in the art is aware of methods for
rendering a unidirectional to a bidirectional promoter and of
methods to use the complement or reverse complement of a
promoter sequence for creating a promoter having the same
promoter specificity as the original sequence. Such methods
are for example described for constitutive as well as induc-
ible promoters by Xie et al. (2001) “Bidirectionalization of
polar promoters in plants” (Nature Biotechnology 19, pages
677-679). The authors describe that it is sufficient to add a
minimal promoter to the 5' prime end of any given promoter
to receive a promoter controlling expression in both direc-
tions with same promoter specificity.

The term “NEENA” as described below is used for the
expression “nucleic acid expression enhancing nucleic acid”
referring to a sequence and/or a nucleic acid molecule of a
specific sequence having the intrinsic property to enhance
expression of a nucleic acid under the control of a promoter
to which the NEENA is functionally linked. Hence a high
expression promoter functionally linked to a NEENA as
claimed is functional in complement or reverse complement
and therefore the NEENA is functional in complement or
reverse complement t00.

In principal the NEENA may be functionally linked to any
promoter such as tissue specific, inducible, developmental
specific or constitutive promoters. The respective NEENA
will lead to an enhanced seed-specific expression of the
heterologous nucleic acid under the control of the respective
promoter to which the one or more NEENA is functionally
linked to. The enhancement of expression of promoters other
than seed-specific promoters, for example constitutive pro-
moters or promoters with differing tissue specificity, will
influence the specificity of these promoters. Expression of
the nucleic acid under control of the respective promoter
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will be significantly increased in seeds, where the transcript
of said nucleic acid may have not or only weakly been
detected without the NEENA functionally linked to its
promoter. Hence, tissue- or developmental specific or any
other promoter may be rendered to seed-specific promoters
by functionally linking one or more of the NEENA mol-
ecules as described above to said promoter. Preferred NEE-
NAs as for the present invention are encoded by the
sequences shown in SEQ ID NOs: 11,12, 13, 14, 15, 16, 17,
18, 19, 10, 21, 22, 23 or 24. More preferred NEENAs as for
the present invention are encoded by the sequences shown in
SEQ ID NOs: 6, 7, 8, 9 or 10. Also (i) nucleic acid molecule
having a sequence with an identity of 80% or more to any
of the sequences as defined by SEQ ID NO: 6 to 24,
preferably, the identity is 85% or more, more preferably the
identity is 90% or more, even more preferably, the identity
is 95% or more, 96% or more, 97% or more, 98% or more
or 99% or more, in the most preferred embodiment, the
identity is 100% to any of the sequences as defined by SEQ
ID NO: 6 to 24 or (ii) a fragment of 100 bases or more
consecutive bases, preferably 150 or more consecutive
bases, more preferably 200 consecutive bases or more even
more preferably 250 or more consecutive bases of a nucleic
acid molecule of 1) or ii) which has an expressing enhancing
activity, for example 65% or more, preferably 70% or more,
more preferably 75% or more, even more preferably 80% or
more, 85% or more or 90% or more, in a most preferred
embodiment it has 95% or more of the expression enhancing
activity as the corresponding nucleic acid molecule having
the sequence of any of the sequences as defined by SEQ ID
NO: 6 to 24, or iii) a nucleic acid molecule which is the
complement or reverse complement of any of the previously
mentioned nucleic acid molecules under i) to ii) or iv) a
nucleic acid molecule which is obtainable by PCR using
oligonucleotide primers as shown in Table 6 or v) a nucleic
acid molecule of 100 nucleotides or more, 150 nucleotides
or more, 200 nucleotides or more or 250 nucleotides or
more, hybridizing under conditions equivalent to hybridiza-
tion in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1
mM EDTA at 50° C. with washing in 2xSSC, 0.1% SDS at
50° C. or 65° C., preferably 65° C. to a nucleic acid molecule
comprising at least 50, preferably at least 100, more pref-
erably at least 150, even more preferably at least 200, most
preferably at least 250 consecutive nucleotides of a tran-
scription enhancing nucleotide sequence described by SEQ
ID NO: 6 to 24 or the complement thereof are encompassed
by the present invention. Preferably, said nucleic acid mol-
ecule is hybridizing under conditions equivalent to hybrid-
ization in 7% sodium dodecyl sulfate (SDS), 0.5 M NaPO4,
1 mM EDTA at 50° C. with washing in 1xSSC, 0.1% SDS
at 50° C. or 65° C., preferably 65° C. to a nucleic acid
molecule comprising at least 50, preferably at least 100,
more preferably at least 150, even more preferably at least
200, most preferably at least 250 consecutive nucleotides of
a transcription enhancing nucleotide sequence described by
SEQ ID NO: 6 to 24 or the complement thereof, more
preferably, said nucleic acid molecule is hybridizing under
conditions equivalent to hybridization in 7% sodium dode-
cyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50° C. with
washing in 0.1xSSC, 0.1% SDS at 50° C. or 65° C,,
preferably 65° C. to a nucleic acid molecule comprising at
least 50, preferably at least 100, more preferably at least 150,
even more preferably at least 200, most preferably at least
250 consecutive nucleotides of a transcription enhancing
nucleotide sequence described by any of the sequences as
defined by SEQ ID NO:1 to 15 or the complement thereof.
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As described above under iv) the nucleic acid molecule
obtainable by PCR using oligonucleotides shown in table 6
is obtainable for example from genomic DNA from Arabi-
dopsis plants such as A. thaliana using the conditions as
described in Example 3.2 below.

Preferably, the one or more NEENA is functionally linked
to seed-specific promoters and will enhance expression of
the nucleic acid molecule under control of said promoter.
Seed-specific promoters to be used in any method of the
invention may be derived from plants, for example mono-
cotyledonous or dicotyledonous plants, from bacteria and/or
viruses or may be synthetic promoters. Seed specific pro-
moters to be used functionally linked to a NEENA are in a
preferred embodiment the seed-specific promoter linked to
NEENAs shown in SEQ ID NOs: 1, 2, 3, 4 or 5, table 5.

The high expression seed-specific promoters functionally
linked to a NEENA may be employed in any plant com-
prising for example moss, fern, gymnosperm or angiosperm,
for example monocotyledonous or dicotyledonous plant. In
a preferred embodiment said promoter of the invention
functionally linked to a NEENA may be employed in
monocotyledonous or dicotyledonous plants, preferably
crop plant such as corn, soy, canola, cotton, potato, sugar
beet, rice, wheat, sorghum, barley, musa, sugarcane, mis-
canthus and the like. In a preferred embodiment of the
invention, said promoter which is functionally linked to a
NEENA may be employed in monocotyledonous crop plants
such as corn, rice, wheat, sorghum, barley, musa, miscanthus
or sugarcane. In an especially preferred embodiment the
promoter functionally linked to a NEENA may be employed
in dicotyledonous crop plants such as soy, canola, cotton or
potato.

A high expressing seed-specific promoter as used in the
application means for example a promoter which is func-
tionally linked to a NEENA causing enhanced seed-specific
expression of the promoter in a plant seed or part thereof
wherein the accumulation of RNA or rate of synthesis of
RNA in seeds derived from the nucleic acid molecule under
the control of the respective promoter functionally linked to
a NEENA is higher, preferably significantly higher than the
expression in seeds caused by the same promoter lacking a
NEENA of the invention. Preferably the amount of RNA of
the respective nucleic acid and/or the rate of RNA synthesis
and/or the RNA stability in a plant is increased 50% or more,
for example 100% or more, preferably 200% or more, more
preferably 5 fold or more, even more preferably 10 fold or
more, most preferably 20 fold or more for example 50 fold
compared to a control plant of same age grown under the
same conditions comprising the same seed-specific pro-
moter the latter not being functionally linked to a NEENA
of the invention.

When used herein, significantly higher refers to statistical
significance the skilled person is aware how to determine,
for example by applying statistical tests such as the t-test to
the respective data sets.

Methods for detecting expression conferred by a promoter
are known in the art. For example, the promoter may be
functionally linked to a marker gene such as GUS, GFP or
luciferase and the activity of the respective protein encoded
by the respective marker gene may be determined in the
plant or part thereof. As a representative example, the
method for detecting luciferase is described in detail below.
Other methods are for example measuring the steady state
level or synthesis rate of RNA of the nucleic acid molecule
controlled by the promoter by methods known in the art, for
example Northern blot analysis, qPCR, run-on assays or
other methods described in the art, or detecting the encoded
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protein using specific antibodies by methods known in the
art, e.g. Western Blot and/or enzyme-linked immunosorbent
assay (ELISA).

A skilled person is aware of various methods for func-
tionally linking two or more nucleic acid molecules. Such
methods may encompass restriction/ligation, ligase indepen-
dent cloning, recombineering, recombination or synthesis.
Other methods may be employed to functionally link two or
more nucleic acid molecules.

The term “heterologous™ with respect to a nucleic acid
molecule or DNA refers to a nucleic acid molecule which is
operably linked to, or is manipulated to become operably
linked to, a second nucleic acid molecule to which it is not
operably linked in nature, or to which it is operably linked
at a different location in nature. For example, a NEENA of
the invention is in its natural environment functionally
linked to its native promoter, whereas in the present inven-
tion it is linked to another promoter which might be derived
from the same organism, a different organism or might be a
synthetic promoter. It may also mean that the NEENA of the
present invention is linked to its native promoter but the
nucleic acid molecule under control of said promoter is
heterologous to the promoter comprising its native NEENA.
It is in addition to be understood that the promoter and/or the
nucleic acid molecule under the control of said promoter
functionally linked to a NEENA of the invention are heter-
ologous to said NEENA as their sequence has been manipu-
lated by for example mutation such as insertions, deletions
and the forth so that the natural sequence of the promoter
and/or the nucleic acid molecule under control of said
promoter is modified and therefore have become heterolo-
gous to a NEENA of the invention. It may also be under-
stood that the NEENA is heterologous to the nucleic acid to
which it is functionally linked when the NEENA is func-
tionally linked to its native promoter wherein the position of
the NEENA in relation to said promoter is changed so that
the promoter shows higher expression after such manipula-
tion.

A plant exhibiting enhanced seed-specific expression of a
nucleic acid molecule as meant herein means a plant having
a higher, preferably statistically significant higher seed-
specific expression of a nucleic acid molecule compared to
a control plant grown under the same conditions without the
respective NEENA functionally linked to the respective
nucleic acid molecule. Such control plant may be a wild-
type plant or a transgenic plant comprising the same pro-
moter controlling the same gene as in the plant of the
invention wherein the promoter is not linked to a NEENA of
the invention.

In generally the NEENA may be heterologous to the
nucleic acid molecule which is under the control of said
promoter to which the NEENA is functionally linked or it
may be heterologous to both the promoter and the nucleic
acid molecule under the control of said promoter.

The term “elongase activity” as meant by the present
invention refers to the activity of the entire elongation
complex as defined in the passage below and it is also be
understood as the activity of the first component of the
elongation complex with beta-ketoacyl-CoA synthase activ-
ity, which determines the substrate specificity of the entire
elongation complex. By understanding the elongase activity
as synthase activity only, the polypeptide of the of the
present invention needs also comprising:

e) at least one nucleic acid sequence encoding a polypep-

tide having beta-ketoacyl reductase activity;

f) at least one nucleic acid sequence encoding a polypep-

tide having dehydratase activity or
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g) at least one nucleic acid sequence encoding a polypep-

tide having enoyl-CoA reductase activity,

wherein the nucleic acid sequences defined in e) to g) are

heterologous to said polypeptide having desaturase or
elongase activity.

Preferably, the polynucleotide of the present invention
comprises nucleic acid sequence encoding fatty acid dehy-
dratase-/enoyl-CoA reductase (nECR) protein having an
activity of catalyzing the dehydration and reduction of fatty
acid elongated intermediates.

Fatty acid elongation is catalyzed in four steps, repre-
sented by four enzymes: KCR (f-keto-acyl-CoA-synthase),
KCR (p-keto-acyl-CoA reductase), DH (dehydratase) and
ECR (enoyl-CoA-reductase) forming the entire elongation
complex. In the first step a fatty acid-CoA ester is condensed
with malonyl-CoA producing a f-keto-acyl-CoA intermedi-
ate, which is elongated by to carbon atoms, and CO,. The
keto-group of the intermediate is then reduced by the KCR
to a hydroxyl-group. In the next step the DH cleaves of the
hydroxyl-group (H,O is produced), forming a 2-acylen-CoA
ester. In the final step the double bound at position 2, 3 is
reduced by the ECR forming the elongated acyl-CoA ester
(Buchanan, Gruissem, Jones (2000) Biochemistry &
Molecular biology of plants, American Society of Plant
Physiologists). DH and ECR activity might also be confered
by one single protein being a natural or artificial fusion of a
DH-moiety and a ECR moiety, referred to as novel enoyl-
CoA-reductase (nECR) in the present invention. In the
current invention either all nucleic acid sequences defined in
e) to 1) could be comprised in the polynucleotide or only at
least one of these nucleic acid sequences defined in ¢) to )
could be comprised in the polynucleotide in any combina-
tion occurred from different organisms.

A polynucleotide comprising a fragment of any of the
aforementioned nucleic acid sequences is also encompassed
as a nucleic acid molecule of the present invention. The
fragment shall encode a polypeptide which still has nECR
activity as specified above. Accordingly, the polypeptide
may comprise or consist of the domains of the polypeptide
of the present invention conferring the said biological activ-
ity. A fragment as meant herein, preferably, comprises at
least 15, at least 20, at least 50, at least 100, at least 250 or
at least 500 consecutive nucleotides of any one of the
aforementioned nucleic acid sequences or encodes an amino
acid sequence comprising at least 5, at least 10, at least 20,
at least 30, at least 50, at least 80, at least 100 or at least 150
consecutive amino acids of any one of the aforementioned
amino acid sequences.

The variant nucleic acid molecule or fragments referred to
above, preferably, encode polypeptides retaining at least
10%, at least 20%, at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80% or at least 90% of
the nECR activity exhibited by the polypeptide encoded by
the nucleotide sequences.

The term “polynucleotide” as used in accordance with the
present invention also relates to a polynucleotide comprising
a nucleic acid sequence which encodes a polypeptide having
acyltransferase activity. Preferably, the polypeptide encoded
by the polynucleotide of the present invention having acyl-
transferase activity upon expression in a plant shall be
capable of increasing the amount of PUFA and, in particular,
LCPUFA esterified to triglycerides in, e.g., seed oils or the
entire plant or parts thereof. Such an increase is, preferably,
statistically significant when compared to a LCPUFA pro-
ducing transgenic control plant which expresses the minimal
set of desaturases and elongases required for LCPUFA
synthesis but does not express the polynucleotide of the
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present invention. Such a transgenic plant may, preferably,
express desaturases and elongases comprised by the vector
LIB765 listed in table 11 of example 5 in W02009/016202
or a similar set of desaturases and elongases required for
DHA synthesis. Whether an increase is significant can be
determined by statistical tests well known in the art includ-
ing, e.g., Student’s t-test. More preferably, the increase is an
increase of the amount of triglycerides containing LCPUFA
of at least 5%, at least 10%, at least 15%, at least 20% or at
least 30% compared to the said control. Preferably, the
LCPUFA referred to before is a polyunsaturated fatty acid
having a C-20, C-22 or C24 fatty acid body, more preferably,
EPA or DHA, most preferably, DHA. Suitable assays for
measuring the activities mentioned before are described in
the accompanying Examples. Variant nucleic acid molecules
as referred above may be obtained by various natural as well
as artificial sources. For example, nucleic acid molecules
may be obtained by in vitro and in vivo mutagenesis
approaches using the above mentioned specific nucleic acid
molecules as a basis. Moreover, nucleic acid molecules
being homologs or orthologs may be obtained from various
animal, plant or fungus species. Preferably, they are obtained
from plants such as algae, for example Isochrysis, Manton-
iella, Ostreococcus or Crypthecodinium, algae/diatoms such
as Phaeodactylum, Thalassiosira or Thraustochytrium,
mosses such as Physcomitrella or Ceratodon, or higher
plants such as the Primulaceae such as Aleuritia, Calendula
stellate, Osteospermum spinescens or Osteospermum hyos-
eroides, microorganisms such as fungi, such as Aspergillus,
Phytophthora, Entomophthora, Mucor or Mortierella, bac-
teria such as Shewanella, yeasts or animals. Preferred ani-
mals are nematodes such as Caenorhabditis, insects or
vertebrates. Among the vertebrates, the nucleic acid mol-
ecules may, preferably, be derived from Euteleostomi, Acti-
nopterygii; Neopterygii; Teleostei; Euteleostei, Protacan-
thopterygii, Salmoniformes; Salmonidae or Oncorhynchus,
more preferably, from the order of the Salmoniformes, most
preferably, the family of the Salmonidae, such as the genus
Salmo, for example from the genera and species Oncorhyn-
chus mykiss, Trutta trutta or Salmo trutta fario. Moreover,
the nucleic acid molecules may be obtained from the dia-
toms such as the genera Thallasiosira or Phaeodactylum.

Thus the present invention also relates to a polynucleotide
comprising at least one nucleic acid sequence encoding a
polypeptide having acyltransferase activity additionally to
the abovementioned polypeptides exhibit desaturase, elon-
gase orbeta-ketoacyl reductase, dehydratase or enoyl-CoA
reductase activity. Therefore the polynucleotide of the pres-
ent invention also comprising at least one nucleic acid
sequence encoding a polypeptide having acyltransferase
activity, wherein the nucleic acid sequence is heterologous
to said polypeptide having desaturase, elongase, beta-ketoa-
cyl reductase, dehydratase or enoyl-CoA reductase activity
and wherein at least one seed-specific plant promoter and at
least one terminator sequence are operatively linked to the
said nucleic acid sequence and wherein one or more nucleic
acid expression enhancing nucleic acid (NEENA) molecule
is/are functionally linked to said promoter and which is/are
heterologous to said promoter.

The term “acyltransferase activity” or “acyltransferase”
as used herein encompasses all enymatic activities and
enzymes which are capable of transferring or are involved in
the transfer of PUFA and, in particular; LCPUFA from the
acly-CoA pool or the membrane phospholipids to the tri-
glycerides, from the acyl-CoA pool to membrane lipids and
from membrane lipids to the acyl-CoA pool by a transes-
terification process. It will be understood that this acyltrans-
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ferase activity will result in an increase of the LCPUFA
esterified to triglycerides in, e.g., seed oils. In particular, it
is envisaged that these acyltransferases are capable of pro-
ducing triglycerides having esterified EPA or even DHA, or
that these acyltransferases are capable of enhancing synthe-
sis of desired PUFA by increasing the flux for specific
intermediates of the desired PUFA between the acyl-CoA
pool (the site of elongation) and membrane lipids (the
predominant site of desaturation). Specifically, acyltrans-
ferase activity as used herein pertains to lysophospholipid
acyltransferase (LPLAT) activity, preferably, lysophospha-
tidylcholine acyltransferase (LPCAT) or Lysophosphopha-
tidylethanolamine acyltransferase (LPEAT) activity, lyso-
phosphosphatidic acid acyltransferase (LPAAT) activity,
phospholipid:diacylglycerol acyltransferase (PDAT) activ-
ity, glycerol-3-phosphate acyltransferase (GPAT) activity or
diacylglycerol acyltransferase (DGAT), and, more prefer-
ably, to PLAT, LPAAT, DGAT, PDAT or GPAT activity.

A polynucleotide encoding a polypeptide having a acyl-
transferase activity as specified above could be obtained for
example from Phythophthora infestance. Polynucleotides
encoding a polypeptide having desaturase or elongase activ-
ity as specified above could be obtained in accordance with
the present invention from Thraustochytrium ssp. for
example. Preferred acyltransferases which shall be present
in the host cell are at least one enzyme selected from the
group consisting of: LPLATs, LPAATs, DGATs, PDATs and
GPATs. Especially preferred are the LPLATs LPLAT(Ce)
from Caenorhabditis elegans (W02004076617), LPCAT
(Ms) from Mantoniella squamata (W0O2006069936) and
LPCAT(Ot) from Ostreococcus tauri (W0O2006069936),
pLPLAT_01332(Pi) (SEQ-ID No.:104 encoding the poly-
peptide SEQ-ID No.:125) pLPLAT 01330(Pi) (SEQ-ID
No.:105 encoding the polypeptide SEQ-ID No.:126),
pLPLAT_07077(Pi) (SEQ-ID No.:106 encoding the poly-
peptide SEQ-ID No.:127), LPLAT_18374(P1) (SEQ-ID No.:
107 encoding the polypeptide SEQ-ID No.:128),
pLPLAT_14816(Pi) (SEQ-ID No.:108 encoding the poly-
peptide SEQ-ID No.:129), LPCAT_02075(Pi) (SEQ-ID No.:
111 encoding the polypeptide SEQ-ID No.:132),
pLPAAT_06638(Pi) (SEQ-ID No.:112 encoding the poly-
peptide SEQ-ID No.:133) form Phytophthora infestance, the
LPAATs LPAAT(Ma)l.l from Mortierella alpina
(W02004087902), LPAAT(Ma)1.2 from Mortierella alpina
(W02004087902), the LPAAT 13842(Pi) (SEQ-ID No.:109
encoding  the  polypeptide SEQ-ID No.:130),
pLPAAT_10763(Pi) (SEQ-ID No.:110 encoding the poly-
peptide SEQ-ID No.:131) from Phytophthora infestance, the
DGATs DGAT2(Cc) from Crypthecodinium cohnii
(W02004087902), pDGAT1_12278(Pi) (SEQ-ID No.:113
encoding the polypeptide SEQ-ID No.:134), DGAT2_03074
(Pi) (SEQ-ID No.:114 encoding the polypeptide SEQ-ID
No.:135), pDGAT2_08467(Pi) (SEQ-ID No.:115 encoding
the polypeptide SEQ-ID No.:136), DGAT2_08470(Pi)
(SEQ-ID No.:116 encoding the polypeptide SEQ-ID No.:
137), pDGAT2_03835-mod(Pi) (SEQ-ID No.:117 encoding
the polypeptide SEQ-ID No.:138), DGAT2_11677-mod(Pi)
(SEQ-ID No.:118 encoding the polypeptide SEQ-ID No.:
139), DGAT2_08432-mod(Pi) (SEQ-ID No.:119 encoding
the polypeptide SEQ-ID No.:140), pDGAT2_08431(Pi)
(SEQ-ID No.:120 encoding the polypeptide SEQ-ID No.:
141), DGAT_13152-mod(Pi) (SEQ-ID No.:121 encoding
the polypeptide SEQ-ID No.:142), the PDAT
pPDAT_11965-mod(Pi) (SEQ-ID No.:122 encoding the
polypeptide SEQ-ID No.:143) and the GPATs pGPAT-
PITG_18707 (SEQ-ID No.:123 encoding the polypeptide
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SEQ-ID No.:144) and pGPAT-PITG_03371 (SEQ-ID No.:
124 encoding the polypeptide SEQ-ID No.:145).

However, orthologs, paralogs or other homologs may be
identified from other species. Preferably, they are obtained
from plants such as algae, for example Isochrysis, Manton-
iella, Ostreococcus or Crypthecodinium, algae/diatoms such
as Phaeodactylum or Thalassiosira or Thraustochytrium,
mosses such as Physcomitrella or Ceratodon, or higher
plants such as the Primulaceae such as Aleuritia, Calendula
stellata, Osteospermum spinescens or Osteospermum hyos-
eroides, microorganisms such as fungi, such as Aspergillus,
Phytophthora, Entomophthora, Mucor or Mortierella, bac-
teria such as Shewanella, yeasts or animals. Preferred ani-
mals are nematodes such as Caenorhabditis, insects or
vertebrates. Among the vertebrates, the nucleic acid mol-
ecules may, preferably, be derived from Euteleostomi, Acti-
nopterygii; Neopterygii; Teleostei; Euteleostei, Protacan-
thopterygii, Salmoniformes; Salmonidae or Oncorhynchus,
more preferably, from the order of the Salmoniformes, most
preferably, the family of the Salmonidae, such as the genus
Salmo, for example from the genera and species Oncorhyn-
chus mykiss, Trutta trutta or Salmo trutta fario. Moreover,
the nucleic acid molecules may be obtained from the dia-
toms such as the genera Thallasiosira or Phaeodactylum.

Thus, the term “polynucleotide” as used in accordance
with the present invention further encompasses variants of
the aforementioned specific polynucleotides representing
orthologs, paralogs or other homologs of the polynucleotide
of the present invention. Moreover, variants of the poly-
nucleotide of the present invention also include artificially
generated muteins. Said muteins include, e.g., enzymes
which are generated by mutagenesis techniques and which
exhibit improved or altered substrate specificity, or codon
optimized polynucleotides. The polynucleotide variants,
preferably, comprise a nucleic acid sequence characterized
in that the sequence can be derived from the aforementioned
specific nucleic acid sequences shown in any one of SEQ ID
NOs: 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119,120, 121, 122, 123 or 124 by a polynucleotide encoding
a polypeptide having an amino acid sequence (i.e. as shown
in any one of SEQ ID NOs: 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142,
143, 144 or 145 as for acyltransferases) by at least one
nucleotide substitution, addition and/or deletion, whereby
the variant nucleic acid sequence shall still encode a poly-
peptide having a desaturase or elongase activity as specified
above. Variants also encompass polynucleotides comprising
a nucleic acid sequence which is capable of hybridizing to
the aforementioned specific nucleic acid sequences, prefer-
ably, under stringent hybridization conditions. These strin-
gent conditions are known to the skilled worker and can be
found in Current Protocols in Molecular Biology, John
Wiley & Sons, N. Y. (1989), 6.3.1-6.3.6. A preferred
example for stringent hybridization conditions are hybrid-
ization conditions in 6x sodium chloride/sodium citrate
(=SSC) at approximately 45° C., followed by one or more
wash steps in 0.2xSSC, 0.1% SDS at 50 to 65° C. The skilled
worker knows that these hybridization conditions differ
depending on the type of nucleic acid and, for example when
organic solvents are present, with regard to the temperature
and concentration of the buffer. For example, under “stan-
dard hybridization conditions” the temperature differs
depending on the type of nucleic acid between 42° C. and
58° C. in aqueous buffer with a concentration of 0.1 to
5xSSC (pH 7.2). If organic solvent is present in the above-
mentioned buffer, for example 50% formamide, the tem-
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perature under standard conditions is approximately 42° C.
The hybridization conditions for DNA: DNA hybrids are,
preferably, 0.1xSSC and 20° C. to 45° C., preferably
between 30° C. and 45° C. The hybridization conditions for
DNA:RNA hybrids are, preferably, 0.1xSSC and 30° C. to
55° C., preferably between 45° C. and 55° C. The above-
mentioned hybridization temperatures are determined for
example for a nucleic acid with approximately 100 bp
(=base pairs) in length and a G+C content of 50% in the
absence of formamide. The skilled worker knows how to
determine the hybridization conditions required by referring
to textbooks such as the textbook mentioned above, or the
following textbooks: Sambrook et al., “Molecular Cloning”,
Cold Spring Harbor Laboratory, 1989; Hames and Higgins
(Ed.) 1985, “Nucleic Acids Hybridization: A Practical
Approach”, IRL Press at Oxford University Press, Oxford;
Brown (Ed.) 1991, “Essential Molecular Biology: A Practi-
cal Approach”, IRL, Press at Oxford University Press,
Oxford. Alternatively, polynucleotide variants are obtain-
able by PCR-based techniques such as mixed oligonucle-
otide primer-based amplification of DNA, i.e. using degen-
erated primers against conserved domains of the
polypeptides of the present invention. Conserved domains of
the polypeptide of the present invention may be identified by
a sequence comparison of the nucleic acid sequences of the
polynucleotides or the amino acid sequences of the poly-
peptides of the present invention. Oligonucleotides suitable
as PCR primers as well as suitable PCR conditions are
described in the accompanying Examples. As a template,
DNA or ¢cDNA from bacteria, fungi, plants or animals may
be used. Further, variants include polynucleotides compris-
ing nucleic acid sequences which are at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least
98% or at least 99% identical to the nucleic acid sequences
shown in any one of SEQ ID NOs: 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123 or 124
preferably, encoding polypeptides retaining a desaturase,
elongase, or acyltransferase activity as specified above.
Moreover, also encompassed are polynucleotides which
comprise nucleic acid sequences encoding a polypeptide
having an amino acid sequences which are at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 98% or at least 99% identical to the amino acid
sequences encoded by the nucleic acid sequences shown in
any one of SEQ ID NOs: 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, 116, 117, 118, 119, 120, 121, 122, 123 or 124 (i.e. as
shown in any one of SEQ ID NOs: 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144 or 145 as for acyltransferases), wherein the
polypeptide, preferably, retains desaturase, elongase or acyl-
transferase activity as specified above. The percent identity
values are, preferably, calculated over the entire amino acid
or nucleic acid sequence region. A series of programs based
on a variety of algorithms is available to the skilled worker
for comparing different sequences. In a preferred embodi-
ment, the percent identity between two amino acid
sequences is determined using the Needleman and Wunsch
algorithm (Needleman 1970, J. Mol. Biol. (48):444-453)
which has been incorporated into the needle program in the
EMBOSS software package (EMBOSS: The FEuropean
Molecular Biology Open Software Suite, Rice, P., Longden,
1., and Bleasby, A, Trends in Genetics 16(6), 276-277, 2000),
using either a BLOSUM 45 or PAM250 scoring matrix for
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distantly related proteins, or either a BLOSUM 62 or
PAM160 scoring matrix for closer related proteins, and a gap
opening penalty of 16, 14, 12, 10, 8, 6, or 4 and a gap
entension pentalty of 0.5, 1, 2, 3, 4, 5, or 6. Guides for local
installation of the EMBOSS package as well as links to
WEB-Services can be found at emboss.sourceforge.net. A
preferred, non-limiting example of parameters to be used for
aligning two amino acid sequences using the needle program
are the default parameters, including the EBLOSUMG62
scoring matrix, a gap opening penalty of 10 and a gap
extension penalty of 0.5. In yet another preferred embodi-
ment, the percent identity between two nucleotide sequences
is determined using the needle program in the EMBOSS
software package (EMBOSS: The European Molecular Biol-
ogy Open Software Suite, Rice, P., Longden, 1., and Bleasby,
A, Trends in Genetics 16(6), 276-277, 2000), using the
EDNAFULL scoring matrix and a gap opening penalty of
16, 14,12, 10, 8, 6, or 4 and a gap extension penalty of 0.5,
1, 2, 3, 4, 5, or 6. A preferred, non-limiting example of
parameters to be used in conjunction for aligning two amino
acid sequences using the needle program are the default
parameters, including the EDNAFULL scoring matrix, a gap
opening penalty of 10 and a gap extension penalty of 0.5.
The nucleic acid and protein sequences of the present
invention can further be used as a “query sequence” to
perform a search against public databases to, for example,
identify other family members or related sequences. Such
searches can be performed using the BLAST series of
programs (version 2.2) of Altschul et al. (Altschul 1990, J.
Mol. Biol. 215:403-10). BLAST wusing nucleic acid
sequences of the invention as query sequence can be per-
formed with the BLASTn, BLASTx or the tBLASTX pro-
gram using default parameters to obtain either nucleotide
sequences (BLASTn, tBLASTX) or amino acid sequences
(BLASTx) homologous to sequences encoded by the nucleic
acid sequences of the invention. BLAST using protein
sequences encoded by the nucleic acid sequences of the
invention as query sequence can be performed with the
BLASTp or the tBLASTn program using default parameters
to obtain either amino acid sequences (BLASTp) or nucleic
acid sequences (tBLASTn) homologous to sequences of the
invention. To obtain gapped alignments for comparison
purposes, Gapped BLAST using default parameters can be
utilized as described in Altschul et al. (Altschul 1997,
Nucleic Acids Res. 25(17):3389-3402).

The following block diagram shows the relation of
sequence types of querry and hit sequences for various
BLASt programs

Input query Converted Converted Actual
sequence Query Algorithm Hit Database
DNA BLASTn DNA
PRT BLASTp PRT
DNA PRT BLASTx PRT
PRT tBLASTn PRT DNA
DNA PRT tBLASTx PRT DNA

A polynucleotide comprising a fragment of any of the
aforementioned nucleic acid sequences is also encompassed

as a polynucleotide of the present invention. The fragment
shall encode a polypeptide which still has desaturase and
elongase activity as specified above. Accordingly, the poly-
peptide may comprise or consist of the domains of the
polypeptide of the present invention conferring the said
biological activity. A fragment as meant herein, preferably,
comprises at least 50, at least 100, at least 250 or at least 500
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consecutive nucleotides of any one of the aforementioned
nucleic acid sequences or encodes an amino acid sequence
comprising at least 20, at least 30, at least 50, at least 80, at
least 100 or at least 150 consecutive amino acids of any one
of the aforementioned amino acid sequences.

The variant polynucleotides or fragments referred to
above, preferably, encode polypeptides retaining desaturase
or elongase activity to a significant extent, preferably, at
least 10%, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80% or at least 90%
of the desaturase and elongase activity exhibited by any of
the polypeptide encoded by the nucleic acid sequences
shown in any one of SEQ ID NOs: 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123 or 124
(i.e. as shown in any one of SEQ ID NOs: 125, 126, 127,
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139,
140, 141, 142, 143, 144 or 145 as for acyltransferases). The
activity may be tested as described in the accompanying
Examples.

The polynucleotides of the present invention either essen-
tially consist of the aforementioned nucleic acid sequences
or comprise the aforementioned nucleic acid sequences.
Thus, they may contain further nucleic acid sequences as
well. Preferably, the polynucleotide of the present invention
may comprise in addition to an open reading frame further
untranslated sequence at the 3' and at the 5' terminus of the
coding gene region: at least 500, preferably 200, more
preferably 100 nucleotides of the sequence upstream of the
5' terminus of the coding region and at least 100, preferably
50, more preferably 20 nucleotides of the sequence down-
stream of the 3' terminus of the coding gene region. Fur-
thermore, the polynucleotides of the present invention may
encode fusion proteins wherein one partner of the fusion
protein is a polypeptide being encoded by a nucleic acid
sequence recited above. Such fusion proteins may comprise
as additional part other enzymes of the fatty acid or PUFA
biosynthesis pathways, polypeptides for monitoring expres-
sion (e.g., green, yellow, blue or red fluorescent proteins,
alkaline phosphatase and the like) or so called “tags™ which
may serve as a detectable marker or as an auxiliary measure
for purification purposes. Tags for the different purposes are
well known in the art and comprise FLLAG-tags, 6-histidine-
tags, MYC-tags and the like.

The polynucleotide of the present invention shall be
provided, preferably, either as an isolated polynucleotide
(i.e. purified or at least isolated from its natural context such
as its natural gene locus) or in genetically modified or
exogenously (i.e. artificially) manipulated form. An isolated
polynucleotide can, for example, comprise less than
approximately 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb
of nucleotide sequences which naturally flank the nucleic
acid molecule in the genomic DNA of the cell from which
the nucleic acid is derived. The polynucleotide, preferably,
is provided in the form of double or single stranded mol-
ecule. It will be understood that the present invention by
referring to any of the aforementioned polynucleotides of
the invention also refers to complementary or reverse
complementary strands of the specific sequences or variants
thereof referred to before. The polynucleotide encompasses
DNA, including ¢cDNA and genomic DNA, or RNA poly-
nucleotides.

However, the present invention also pertains to polynucle-
otide variants which are derived from the polynucleotides of
the present invention and are capable of interfering with the
transcription or translation of the polynucleotides of the
present invention. Such variant polynucleotides include anti-
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sense nucleic acids, ribozymes, siRNA molecules, mor-
pholino nucleic acids (phosphorodiamidate morpholino oli-
gos), triple-helix forming oligonucleotides, inhibitory
oligonucleotides, or micro RNA molecules all of which shall
specifically recognize the polynucleotide of the invention
due to the presence of complementary or substantially
complementary sequences. These techniques are well
known to the skilled artisan. Suitable variant polynucle-
otides of the aforementioned kind can be readily designed
based on the structure of the polynucleotides of this inven-
tion.

Moreover, comprised are also chemically modified poly-
nucleotides including naturally occurring modified poly-
nucleotides such as glycosylated or methylated polynucle-
otides or artificial modified ones such as biotinylated
polynucleotides.

In a preferred embodiment of the polynucleotide of the
present invention, said polynucleotide further comprises an
expression control sequence operatively linked to the said
nucleic acid sequence.

The term “expression control sequence” as used herein
refers to a nucleic acid sequence which is capable of
governing, i.e. initiating and controlling, transcription of a
nucleic acid sequence of interest, in the present case the
nucleic sequences recited above. Such a sequence usually
comprises or consists of a promoter or a combination of a
promoter and enhancer sequences. Expression of a poly-
nucleotide comprises transcription of the nucleic acid mol-
ecule, preferably, into a translatable mRNA. Additional
regulatory elements may include transcriptional as well as
translational enhancers. The following promoters and
expression control sequences may be, preferably, used in an
expression vector according to the present invention. The
cos, tac, trp, tet, trp-tet, Ipp, lac, Ipp-lac, laclqg, T7, TS, T3,
gal, trc, ara, SP6, A-PR or A-PL promoters are, preferably,
used in Gram-negative bacteria. For Gram-positive bacteria,
promoters amy and SPO2 may be used. From yeast or fungal
promoters ADC1, AOX1r, GAL1, MFa, AC, P-60, CYCI,
GAPDH, TEF, rp28, ADH are, preferably, used. For animal
cell or organism expression, the promoters CMV-, SV40-,
RSV-promoter (Rous sarcoma virus), CMV-enhancer,
SV40-enhancer are preferably used. From plants the pro-
moters CaMV/35S (Franck 1980, Cell 21: 285-294], PRP1
(Ward 1993, Plant. Mol. Biol. 22), SSU, OCS, lib4, usp,
STLS1, B33, nos or the ubiquitin or phaseolin promoter.
Also preferred in this context are inducible promoters, such
as the promoters described in EP 0 388 186 Al (ie. a
benzylsulfonamide-inducible promoter), Gatz 1992, Plant J.
2:397-404 (i.e. a tetracyclin-inducible promoter), EP 0 335
528 Al (i.e. a abscisic-acid-inducible promoter) or WO
93/21334 (i.e. a ethanol- or cyclohexenol-inducible pro-
moter). Further suitable plant promoters are the promoter of
cytosolic FBPase or the ST-LSI promoter from potato
(Stockhaus 1989, EMBO 1J. 8, 2445), the phosphoribosyl-
pyrophosphate amidotransferase promoter from Glycine
max (Genbank accession No. U87999) or the node-specific
promoter described in EP 0 249 676 Al. Particularly pre-
ferred are promoters which enable the expression in tissues
which are involved in the biosynthesis of fatty acids. Also
particularly preferred are seed-specific promoters such as the
USP promoter in accordance with the practice, but also other
promoters such as the LeB4, DC3, phaseolin or napin
promoters. Further especially preferred promoters are seed-
specific promoters which can be used for monocotyledonous
or dicotyledonous plants and which are described in U.S.
Pat. No. 5,608,152 (napin promoter from oilseed rape), WO
98/45461 (oleosin promoter from Arobidopsis, U.S. Pat. No.
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5,504,200 (phaseolin promoter from Phaseolus vulgaris),
WO 91/13980 (Bced promoter from Brassica), by Bacum-
leinet al., Plant J., 2, 2, 1992:233-239 (L.eB4 promoter from
a legume), these promoters being suitable for dicots. The
following promoters are suitable for monocots: Ipt-2 or Ipt-1
promoter from barley (WO 95/15389 and WO 95/23230),
hordein promoter from barley and other promoters which are
suitable and which are described in WO 99/16890. In
principle, it is possible to use all natural promoters together
with their regulatory sequences, such as those mentioned
above, for the novel process. Likewise, it is possible and
advantageous to use synthetic promoters, either additionally
or alone, especially when they mediate a seed-specific
expression, such as, for example, as described in WO
99/16890. In a particular embodiment, seed-specific promot-
ers are utilized to enhance the production of the desired
PUFA or LCPUFA. In a preferred embodiment of the present
invention promoters encoded by the nucleic acid sequences
shown in any one of SEQ ID NOs: 25, 26, 27, 28, 29 or 30
are used.

The term “operatively linked” as used herein means that
the expression control sequence and the nucleic acid of
interest are linked so that the expression of the said nucleic
acid of interest can be governed by the said expression
control sequence, i.e. the expression control sequence shall
be functionally linked to the said nucleic acid sequence to be
expressed. Accordingly, the expression control sequence
and, the nucleic acid sequence to be expressed may be
physically linked to each other, e.g., by inserting the expres-
sion control sequence at the 5"end of the nucleic acid
sequence to be expressed. Alternatively, the expression
control sequence and the nucleic acid to be expressed may
be merely in physical proximity so that the expression
control sequence is capable of governing the expression of
at least one nucleic acid sequence of interest. The expression
control sequence and the nucleic acid to be expressed are,
preferably, separated by not more than 500 bp, 300 bp, 100
bp, 80 bp, 60 bp, 40 bp, 20 bp, 10 bp or 5 bp.

In a further preferred embodiment of the polynucleotide
of the present invention, said polynucleotide further com-
prises a terminator sequence operatively linked to the
nucleic acid sequence. Preferably used terminators are
encoded by the nucleotide sequences shown in SEQ ID
NOs: 36 or 37. More preferably used terminators are
encoded by the nucleotide sequences shown in SEQ ID
NOs: 31, 32, 33, 34 or 35

The term “terminator” as used herein refers to a nucleic
acid sequence which is capable of terminating transcription.
These sequences will cause dissociation of the transcription
machinery from the nucleic acid sequence to be transcribed.
Preferably, the terminator shall be active in plants and, in
particular, in plant seeds. Suitable terminators are known in
the art and, preferably, include polyadenylation signals such
as the SV40-poly-A site or the tk-poly-A site or one of the
plant specific signals indicated in Loke et al. (Loke 2005,
Plant Physiol 138, pp. 1457-1468), downstream of the
nucleic acid sequence to be expressed.

The present invention also relates to a vector comprising
the polynucleotide of the present invention.

The term “vector”, preferably, encompasses phage, plas-
mid, viral vectors as well as artificial chromosomes, such as
bacterial or yeast artificial chromosomes. Moreover, the
term also relates to targeting constructs which allow for
random or site-directed integration of the targeting construct
into genomic DNA. Such target constructs, preferably, com-
prise DNA of sufficient length for either homolgous or
heterologous recombination as described in detail below.
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The vector encompassing the polynucleotide of the present
invention, preferably, further comprises selectable markers
for propagation and/or selection in a host. The vector may be
incorporated into a host cell by various techniques well
known in the art. If introduced into a host cell, the vector
may reside in the cytoplasm or may be incorporated into the
genome. In the latter case, it is to be understood that the
vector may further comprise nucleic acid sequences which
allow for homologous recombination or heterologous inser-
tion. Vectors can be introduced into prokaryotic or eukary-
otic cells via conventional transformation or transfection
techniques. The terms “transformation” and “transfection”,
conjugation and transduction, as used in the present context,
are intended to comprise a multiplicity of prior-art processes
for introducing foreign nucleic acid (for example DNA) into
a host cell, including calcium phosphate, rubidium chloride
or calcium chloride co-precipitation, DEAE-dextran-medi-
ated transfection, lipofection, natural competence, carbon-
based clusters, chemically mediated transfer, electroporation
or particle bombardment. Suitable methods for the transfor-
mation or transfection of host cells, including plant cells, can
be found in Sambrook et al. (Molecular Cloning: A Labo-
ratory Manual, 2”9 ed., Cold Spring Harbor Laboratory, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
1989) and other laboratory manuals, such as Methods in
Molecular Biology, 1995, Vol. 44, Agrobacterium protocols,
Ed.: Gartland and Davey, Humana Press, Totowa, N.J.
Alternatively, a plasmid vector may be introduced by heat
shock or electroporation techniques. Should the vector be a
virus, it may be packaged in vitro using an appropriate
packaging cell line prior to application to host cells.
Preferably, the vector referred to herein (VC-LIBXXX) is
suitable as a cloning vector, i.e. replicable in microbial
systems. Such vectors ensure efficient cloning in bacteria
and, preferably, yeasts or fungi and make possible the stable
transformation of plants. Those which must be mentioned
are, in particular, various binary and co-integrated vector
systems which are suitable for the T-DNA-mediated trans-
formation. Such vector systems are, as a rule, characterized
in that they contain at least the vir genes, which are required
for the Agrobacterium-mediated transformation, and the
sequences which delimit the T-DNA (T-DNA border). These
vector systems, preferably, also comprise further cis-regu-
latory regions such as promoters and terminators and/or
selection markers with which suitable transformed host cells
or organisms can be identified. While co-integrated vector
systems have vir genes and T-DNA sequences arranged on
the same vector, binary systems are based on at least two
vectors, one of which bears vir genes, but no T-DNA, while
a second one bears T-DNA, but no vir gene. As a conse-
quence, the last-mentioned vectors are relatively small, easy
to manipulate and can be replicated both in E. coli and in
Agrobacterium. These binary vectors include vectors from
the pBIB-HYG, pPZP, pBecks, pGreen series. Preferably
used in accordance with the invention are Binl9, pBI101,
pBinAR, pGPTV and pCAMBIA. An overview of binary
vectors and their use can be found in Hellens et al, Trends
in Plant Science (2000) 5, 446-451. Furthermore, by using
appropriate cloning vectors, the polynucleotides can be
introduced into host cells or organisms such as plants or
animals and, thus, be used in the transformation of plants,
such as those which are published, and cited, in: Plant
Molecular Biology and Biotechnology (CRC Press, Boca
Raton, Fla.), chapter 6/7, pp. 71-119 (1993); F. F. White,
Vectors for Gene Transfer in Higher Plants; in: Transgenic
Plants, vol. 1, Engineering and Utilization, Ed.: Kung and R.
Wu, Academic Press, 1993, 15-38; B. Jenes et al., Tech-
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niques for Gene Transfer, in: Transgenic Plants, vol. 1,
Engineering and Utilization, Ed.: Kung and R. Wu, Aca-
demic Press (1993), 128-143; Potrykus 1991, Annu. Rev.
Plant Physiol. Plant Molec. Biol. 42, 205-225.

More preferably, the vector of the present invention is an
expression vector. In such an expression vector, i.e. a vector
which comprises the polynucleotide of the invention having
the nucleic acid sequence operatively linked to an expres-
sion control sequence (also called “expression cassette™)
allowing expression in prokaryotic or eukaryotic cells or
isolated fractions thereof. Suitable expression vectors are
known in the art such as Okayama-Berg cDNA expression
vector pcDV1 (Pharmacia), pCDMS, pRc/CMV, pcDNAL,
pcDNA3 (Invitrogene) or pSPORT1 (GIBCO BRL). Further
examples of typical fusion expression vectors are pGEX
(Pharmacia Biotech Inc; Smith 1988, Gene 67:31-40),
pMAL (New England Biolabs, Beverly, Mass.) and pRITS
(Pharmacia, Piscataway, N.J.), where glutathione S-trans-
ferase (GST), maltose E-binding protein and protein A,
respectively, are fused with the recombinant target protein.
Examples of suitable inducible nonfusion £. coli expression
vectors are, inter alia, pTrc (Amann 1988, Gene 69:301-315)
and pET 11d (Studier 1990, Methods in Enzymology 185,
60-89). The target gene expression of the pTrc vector is
based on the transcription from a hybrid trp-lac fusion
promoter by host RNA polymerase. The target gene expres-
sion from the pET 11d vector is based on the transcription
of a T7-gn10-lac fusion promoter, which is mediated by a
coexpressed viral RNA polymerase (17 gnl). This viral
polymerase is provided by the host strains BL.21 (DE3) or
HMS174 (DE3) from a resident 2-prophage which harbors
a T7 gnl gene under the transcriptional control of the lacUV
5 promoter. The skilled worker is familiar with other vectors
which are suitable in prokaryotic organisms; these vectors
are, for example, in E. coli, pL.G338, pACYC184, the pBR
series such as pBR322, the pUC series such as pUCI1S8 or
pUC19, the M113 mp series, pKC30, pRep4, pHS1, pHS2,
pPLc236, pMBL24, pLG200, pUR290, pIN-II1113-Bl,
Agtll or pBACI, in Streptomyces plI101, plI364, plI702 or
plJ361, in Bacillus pUB110, pC194 or pBD214, in Coryne-
bacterium pSA77 or pAJ667. Examples of vectors for
expression in the yeast S. cerevisiae comprise pYep Secl
(Baldari 1987, Embo J. 6:229-234), pMFa (Kurjan 1982,
Cell 30:933-943), pJRY88 (Schultz 1987, Gene 54:113-123)
and pYES2 (Invitrogen Corporation, San Diego, Calif.).
Vectors and processes for the construction of vectors which
are suitable for use in other fungi, such as the filamentous
fungi, comprise those which are described in detail in: van
den Hondel, C.AM.J.J., & Punt, P. J. (1991) “Gene transfer
systems and vector development for filamentous fungi, in:
Applied Molecular Genetics of fungi, J. F. Peberdy et al.,
Ed., pp. 1-28, Cambridge University Press: Cambridge, or
in: More Gene Manipulations in Fungi (J. W. Bennett & L.
L. Lasure, Ed., pp. 396-428: Academic Press: San Diego).
Further suitable yeast vectors are, for example, pAG-1,
YEp6, YEp13 or pEMBLYe23. As an alternative, the poly-
nucleotides of the present invention can be also expressed in
insect cells using baculovirus expression vectors. Baculovi-
rus vectors which are available for the expression of proteins
in cultured insect cells (for example S9 cells) comprise the
pAc series (Smith 1983, Mol. Cell. Biol. 3:2156-2165) and
the pVL series (Lucklow 1989, Virology 170:31-39).

The abovementioned vectors are only a small overview of
vectors to be used in accordance with the present invention.
Further vectors are known to the skilled worker and are
described, for example, in: Cloning Vectors (Ed., Pouwels,
P. H,, et al., Elsevier, Amsterdam-New York-Oxford, 1985,
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ISBN 0 444 904018). For further suitable expression sys-
tems for prokaryotic and eukaryotic cells see the chapters 16
and 17 of Sambrook, loc cit.

It follows from the above that, preferably, said vector is an
expression vector. More preferably, the said polynucleotide
of the present invention is under the control of a seed-
specific promoter in the vector of the present invention. A
preferred seed-specific promoter as meant herein is selected
from the group consisting of Conlinin 1, Conlinin 2, napin,
LuFad3, USP, LeB4, Arc, Fae, ACP, LuPXR, and SBP. For
details, see, e.g., US 2003-0159174.

The polynucleotide of the present invention can be
expressed in single-cell plant cells (such as algae), see
Falciatore 1999, Marine Biotechnology 1 (3):239-251 and
the references cited therein, and plant cells from higher
plants (for example Spermatophytes, such as arable crops)
by using plant expression vectors. Examples of plant expres-
sion vectors comprise those which are described in detail in:
Becker 1992, Plant Mol. Biol. 20:1195-1197; Bevan 1984,
Nucl. Acids Res. 12:8711-8721; Vectors for Gene Transfer
in Higher Plants; in: Transgenic Plants, Vol. 1, Engineering
and Utilization, Ed.: Kung and R. Wu, Academic Press,
1993, p. 15-38. A plant expression cassette, preferably,
comprises regulatory sequences which are capable of con-
trolling the gene expression in plant cells and which are
functionally linked so that each sequence can fulfill its
function, such as transcriptional termination, for example
polyadenylation signals. Preferred polyadenylation signals
are those which are derived from Agrobacterium tumefa-
ciens T-DNA, such as the gene 3 of the Ti plasmid
pTiACHS, which is known as octopine synthase (Gielen
1984, EMBO 1. 3, 835) or functional equivalents of these,
but all other terminators which are functionally active in
plants are also suitable. Since plant gene expression is very
often not limited to transcriptional levels, a plant expression
cassette preferably comprises other functionally linked
sequences such as translation enhancers, for example the
overdrive sequence, which comprises the 5'-untranslated
tobacco mosaic virus leader sequence, which increases the
protein/RNA ratio (Gallie 1987, Nucl. Acids Research
15:8693-8711). As described above, plant gene expression
must be functionally linked to a suitable promoter which
performs the expression of the gene in a timely, cell-specific
or tissue-specific manner. Promoters which can be used are
constitutive promoters (Benfey 1989, EMBO J. 8:2195-
2202) such as those which are derived from plant viruses
such as 35S CAMYV (Franck 1980, Cell 21:285-294), 19S
CaMV (see U.S. Pat. No. 5,352,605 and WO 84/02913) or
plant promoters such as the promoter of the Rubisco small
subunit, which is described in U.S. Pat. No. 4,962,028.
Other preferred sequences for the use in functional linkage
in plant gene expression cassettes are targeting sequences
which are required for targeting the gene product into its
relevant cell compartment (for a review, see Kermode 1996,
Crit. Rev. Plant Sci. 15, 4: 285-423 and references cited
therein), for example into the vacuole, the nucleus, all types
of plastids, such as amyloplasts, chloroplasts, chromoplasts,
the extracellular space, the mitochondria, the endoplasmic
reticulum, oil bodies, peroxisomes and other compartments
of'plant cells. As described above, plant gene expression can
also be facilitated via a chemically inducible promoter (for
a review, see Gatz 1997, Annu. Rev. Plant Physiol. Plant
Mol. Biol., 48:89-108). Chemically inducible promoters are
particularly suitable if it is desired that genes are expressed
in a time-specific manner. Examples of such promoters are
a salicylic-acid-inducible promoter (WO 95/19443), a tet-
racyclin-inducible promoter (Gatz 1992, Plant J. 2, 397-404)
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and an ethanol-inducible promoter. Promoters which
respond to biotic or abiotic stress conditions are also suitable
promoters, for example the pathogen-induced PRP1-gene
promoter (Ward 1993, Plant Mol. Biol. 22:361-366), the
heat-inducible hsp80 promoter from tomato (U.S. Pat. No.
5,187,267), the cold-inducible alpha-amylase promoter from
potato (WO 96/12814) or the wound-inducible pinll pro-
moter (EP 0375 091 A). The promoters which are especially
preferred are those which bring about the expression of
genes in tissues and organs in which fatty acid, lipid and oil
biosynthesis takes place, in seed cells such as the cells of
endosperm and of the developing embryo. Suitable promot-
ers are the napin gene promoter from oilseed rape (U.S. Pat.
No. 5,608,152), the USP promoter from Vicia faba (Baecum-
lein 1991, Mol. Gen. Genet. 225 (3):459-67), the oleosin
promoter from Arabidopsis (WO 98/45461), the phaseolin
promoter from Phaseolus vulgaris (U.S. Pat. No. 5,504,
200), the Bece4 promoter from Brassica (WO 91/13980) or
the legumin B4 promoter (LeB4; Bacumlein 1992, Plant
Journal, 2 (2):233-9), and promoters which bring about the
seed-specific expression in monocotyledonous plants such
as maize, barley, wheat, rye, rice and the like. Suitable
promoters to be taken into consideration are the Ipt2 or Iptl
gene promoter from barley (WO 95/15389 and WO
95/23230) or those which are described in WO 99/16890
(promoters from the barley hordein gene, the rice glutelin
gene, the rice oryzin gene, the rice prolamin gene, the wheat
gliadin gene, wheat glutelin gene, the maize zein gene, the
oat glutelin gene, the sorghum kasirin gene, the rye secalin
gene). Likewise, especially suitable are promoters which
bring about the plastid-specific expression since plastids are
the compartment in which the precursors and some end
products of lipid biosynthesis are synthesized. Suitable
promoters such as the viral RNA-polymerase promoter, are
described in WO 95/16783 and WO 97/06250, and the clpP
promoter from Arabidopsis, described in WO 99/46394.

Moreover, the present invention relates to a host cell
comprising the polynucleotide or the vector of the present
invention. The term “host cell” is also meant as “host cell
culture”.

Preferably, said host cell is a plant cell or plant cell culture
and, more preferably, a plant cell obtained from an oilseed
crop. More preferably, said oilseed crop is selected from the
group consisting of flax (Linum sp.), rapeseed (Brassica sp.),
soybean (Glycine sp.), sunflower (Helianthus sp.), cotton
(Gossypium sp.), corn (Zea mays), olive (Olea sp.), safflower
(Carthamus sp.), cocoa (Theobroma cacoa), peanut (Ara-
chis sp.), hemp, camelina, crambe, oil palm, coconuts,
groundnuts, sesame seed, castor bean, lesquerella, tallow
tree, sheanuts, tungnuts, kapok fruit, poppy seed, jojoba
seeds and perilla.

Also preferably, said host cell is a microorganism. More
preferably, said microorganism is a bacterium, a fungus or
algae. More preferably, it is selected from the group con-
sisting of Candida, Cryptococcus, Lipomyces, Rhodospo-
ridium, Yarrowia and Schizochytrium.

Moreover, a host cell host cell culture according to the
present invention may also be an animal cell. Preferably,
said animal host cell is a host cell of a fish or a cell line
obtained therefrom. More preferably, the fish host cell is
from herring, salmon, sardine, redfish, eel, carp, trout,
halibut, mackerel, zander or tuna.

Generally, the controlling steps in the production of
LCPUFAs, i.e., the long chain unsaturated fatty acid bio-
synthetic pathway, are catalyzed by membrane-associated
fatty acid desaturases and elongases. Plants and most other
eukaryotic organisms have specialized desaturase and elon-
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gase systems for the introduction of double bonds and the
extension of fatty acids beyond C18 atoms. The elongase
reactions have several important features in common with
the fatty acid synthase complex (FAS). However, the elon-
gase complex is different from the FAS complex as the
complex is localized in the cytosol and membrane bound,
ACP is not involved and the elongase 3-keto-acyl-CoA-
synthase catalyzes the condensation of malonyl-CoA with an
acyl primer. The elongase complex consists of four compo-
nents with different catalytic functions, the keto-acyl-syn-
thase (condensation reaction of malonyl-CoA to acyl-CoA,
creation of a 2 C atom longer keto-acyl-CoA fatty acid), the
keto-acyl-reductase (reduction of the 3-keto group to a
3-hydroxy-group), the dehydratase (dehydration results in a
3-enoyl-acyl-CoA fatty acid) and the enoly-CoA-reductase
(reduction of the double bond at position 3, release from the
complex). For the production of LCPUFAs including ARA,
EPA and/or DHA the elongation reactions, beside the desatu-
ration reactions, are essential. Higher plants do not have the
necessary enzyme set to produce LCPUFAs (4 or more
double bonds, 20 or more C atoms). Therefore the catalytic
activities have to be conferred to the plants or plant cells.
The polynucleotides of the present invention catalyze the
desaturation and elongation activities necessary for the
formation of ARA, EPA and/or DHA. By delivering the
novel desaturases and elongases increased levels of PUFAs
and LCPUFAs are produced.

However, person skilled in the art knows that dependent
on the host cell, further, enzymatic activities may be con-
ferred to the host cells, e.g., by recombinant technologies.
Accordingly, the present invention, preferably, envisages a
host cell which in addition to the polynucleotide of the
present invention comprises polynucleotides encoding such
desaturases and/or elongases as required depending on the
selected host cell. Preferred desaturases and/or elongases
which shall be present in the host cell are at least one enzyme
selected from the group consisting of: A-4-desaturase, A-5-
desaturase, A-5-clongase, A-6-desaturase, Al2-desaturase,
415-desaturase, m3-desaturase and A-6-elongase. Especially
preferred are the bifunctional dl12d15-Desaturases
d12d15Des(Ac) from  Acanthamoeba castellanii
(W02007042510), d12d15Des(Cp) from Claviceps purpu-
rea (W0O2008006202) and d12d15Des(L.g)l from Lottia
gigantea (W02009016202), the d12-Desaturases d12Des
(Co) from Calendula officinalis (WO200185968), d12Des
(Lb) from Laccaria bicolor (W02009016202), d12Des(Mb)
from Monosiga brevicollis (W02009016202), d12Des(Mg)

from Mycosphaerella graminicola (W02009016202),
d12Des(Nh) from Nectria haematococca
(W02009016202), d12Des(Ol) from Ostreococcus luci-

marinus (WO2008040787), d12Des(Pb) from Phycomyces
blakesleeanus (W02009016202), d12Des(Ps) from Phy-
tophthora sojae (W02006100241) and d12Des(Tp) from
Thalassiosira pseudonana (W02006069710), the d15-De-
saturases  d15Des(Hr) from  Helobdella  robusta
(W02009016202), d15Des(Mc) from Microcoleus chthono-
plastes (W02009016202), d15Des(Mf) from Mycosphaer-
ella  fijiensis  (W02009016202), d15Des(Mg) from
Mycosphaerella graminicola (W02009016202) and d15Des
(Nh)2 from Nectria haematococca (W02009016202), the
d4-Desaturases  d4Des(Eg) from  FEuglena gracilis
(W02004090123), d4Des(Tc) from Thraustochytrium sp.
(W02002026946) and dd4Des(Tp) from Thalassiosira
pseudonana (W0O2006069710), the d5-Desaturases d5Des
(02 from Ostreococcus lucimarinus (W02008040787),
d5Des(Pp) from Physcomitrella patens (W0O2004057001),
d5Des(Pt) from Phaeodactylum tricornutum
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(W02002057465), d5Des(Tc) from Thraustochytrium sp.
(W02002026946), d5Des(Tp) from Thalassiosira pseudo-
nana (W0O2006069710) and the d6-Desaturases d6Des(Cp)
from Ceratodon purpureus (W0O2000075341), d6Des(Ol)
from Ostreococcus lucimarinus (W0O2008040787), d6Des
(O1) from Ostreococcus tauri (W02006069710), d6Des(Pf)
from Primula farinosa (W02003072784), d6Des(Pir)_BO
from Pythium irregulare (W02002026946), d6Des(Pir)
from Pythium irregulare (W02002026946), d6Des(Plu)
from Primula luteola (W02003072784), d6Des(Pp) from
Physcomitrella patens (W0200102591), d6Des(Pt) from
Phaeodactylum tricornutum (W02002057465), d6Des(Pv)
from Primula vialii (W02003072784) and d6Des(Tp) from
Thalassiosira pseudonana (W02006069710), the d8-De-
saturases d8Des(Ac) from Acanthamoeba castellanii
(EP1790731), d8Des(Eg) from  Euglena  gracilis
(W0200034439) and d8Des(Pm) from Perkinsus marinus
(W02007093776), the 03-Desaturases 03Des(Pi) from Phy-
tophthora infestans (W02005083053), 03Des(Pir) from
Pythium irregulare (W02008022963), 03Des(Pir)2 from
Pythium irregulare (W02008022963) and 03Des(Ps) from
Phytophthora sojae (W02006100241), the bifunctional
d5d6-elongases d5d6Elo(Om)2 from Oncorhynchus mykiss
(W02005012316), d5d6Elo(Ta) from Thraustochytrium
aureum (W02005012316) and d5d6Elo(Tc) from Thraus-
tochytrium sp. (W02005012316), the d5-elongases dSElo
(AY) from Arabidopsis thaliana (W02005012316), d5Elo
(A1)2 from Arabidopsis thaliana (W02005012316), d5Elo
(Ci) from Ciona intestinalis (W02005012316), d5Elo(Ol)
from Ostreococcus lucimarinus (WO2008040787), d5Elo
(O1) from Ostreococcus tauri (W02005012316), dSElo(Tp)
from Thalassiosira pseudonana (W02005012316) and
dSElo(X1) from Xenopus laevis (W02005012316), the
d6-elongases d6Elo(Ol) from Ostreococcus lucimarinus
(W02008040787), d6Elo(Ot) from Ostreococcus tauri
(W02005012316), d6Elo(Pi) from Phytophthora infestans
(W02003064638), d6Elo(Pir) from Pythium irregulare
(W02009016208), d6Elo(Pp) from Physcomitrella patens
(W02001059128), d6Elo(Ps) from Phytophthora sojae
(W02006100241), d6Elo(Ps)2 from Phytophthora sojae
(W02006100241), d6Elo(Ps)3 from Phytophthora sojae
(W02006100241), d6Elo(Pt) from Phaeodactylum tricor-
nutum (W02005012316), d6Elo(Tc) from Thraustochy-
trium sp. (WO2005012316) and d6Elo(Tp) from Thalassio-
sira pseudonana (W02005012316), the d9-elongases d9Elo
(Ig) from Isochrysis galbana (W02002077213), d9Elo(Pm)
from Perkinsus marinus (WO2007093776) and d9Elo(Ro)
from Rhizopus oryzae (W0O2009016208). Particularly, if the
manufacture of ARA is envisaged in higher plants, the
enzymes recited in Table 3, below (i.e. additionally a d6-de-
saturase, d6-elongase, d5-elongase, d5-desaturase, d12-de-
saturase, and d6-elongase) or enzymes having essentially the
same activity may be combined in a host cell. If the
manufacture of EPA is envisaged in higher plants, the
enzymes having additionally a d6-desaturase, d6-elongase,
d5-desaturase, d12-desaturase, d6-elongase, omega 3-de-
saturase and d15-desaturase, or enzymes having essentially
the same activity may be combined in a host cell. If the
manufacture of DHA is envisaged in higher plants, the
enzymes having additionally a d6-desaturase, d6-elongase,
d5-desaturase, d12-desaturase, d6-elongase, omega 3-de-
saturase, d15-desaturase, dS-elongase, and d4-desaturase
activity, or enzymes having essentially the same activity
may be combined in a host cell.

The present invention also relates to a cell, preferably a
host cell as specified above or a cell of a non-human
organism specified elsewhere herein, said cell comprising a
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polynucleotide which is obtained from the polynucleotide of
the present invention by a point mutation, a truncation, an
inversion, a deletion, an addition, a substitution and homolo-
gous recombination. How to carry out such modifications to
a polynucleotide is well known to the skilled artisan and has
been described elsewhere in this specification in detail.

The present invention furthermore pertains to a method
for the manufacture of a polypeptide encoded by a poly-
nucleotide of any the present invention comprising

a) cultivating the host cell of the invention under condi-

tions which allow for the production of the said poly-
peptide; and

b) obtaining the polypeptide from the host cell of step a).

Suitable conditions which allow for expression of the
polynucleotide of the invention comprised by the host cell
depend on the host cell as well as the expression control
sequence used for governing expression of the said poly-
nucleotide. These conditions and how to select them are very
well known to those skilled in the art. The expressed
polypeptide may be obtained, for example, by all conven-
tional purification techniques including affinity chromatog-
raphy, size exclusion chromatography, high pressure liquid
chromatography (HPLC) and precipitation techniques
including antibody precipitation. It is to be understood that
the method may—although preferred—not necessarily yield
an essentially pure preparation of the polypeptide. It is to be
understood that depending on the host cell which is used for
the aforementioned method, the polypeptides produced
thereby may become posttranslationally modified or pro-
cessed otherwise.

The present invention also encompasses a polypeptide
encoded by the polynucleotide of the present invention or
which is obtainable by the aforementioned method.

The term “polypeptide” as used herein encompasses
essentially purified polypeptides or polypeptide preparations
comprising other proteins in addition. Further, the term also
relates to the fusion proteins or polypeptide fragments being
at least partially encoded by the polynucleotide of the
present invention referred to above. Moreover, it includes
chemically modified polypeptides. Such modifications may
be artificial modifications or naturally occurring modifica-
tions such as phosphorylation, glycosylation, myristylation
and the like (Review in Mann 2003, Nat. Biotechnol. 21,
255-261, review with focus on plants in Huber 2004, Curr.
Opin. Plant Biol. 7, 318-322). Currently, more than 300
posttranslational modifications are known (see full ABFRC
Delta mass list at abrforg/index.cfm/dm.home). The poly-
peptides of the present invention shall exhibit the desaturase
or elongase activitiy referred to above.

Moreover, the present invention contemplates a non-
human transgenic organism comprising the polynucleotide
or the vector of the present invention.

Preferably, the non-human transgenic organism is a plant
or a plant part. Preferred plants to be used for introducing the
polynucleotide or the vector of the invention are plants
which are capable of synthesizing fatty acids, such as all
dicotyledonous or monocotyledonous plants, algae or
mosses. It is to be understood that host cells derived from a
plant may also be used for producing a plant according to the
present invention. Preferred plant parts are seeds from the
plants. Preferred plants are selected from the group of the
plant families Adelotheciaceae, Anacardiaceae, Asteraceae,
Apiaceae, Betulaceae, Boraginaceae, Brassicaceae, Brome-
liaceae, Caricaceae, Cannabaceae, Convolvulaceae, Che-
nopodiaceae, Crypthecodiniaceae, Cucurbitaceae,
Ditrichaceae, Elaeagnaceae, Fricaceae, Fuphorbiaceae,
Fabaceae, Geraniaceae, Gramineae, Juglandaceae, Lau-



US 9,428,757 B2

25

raceae, Leguminosae, Linaceae, Prasinophyceae or veg-
etable plants or ornamentals such as 7ageres. Examples
which may be mentioned are the following plants selected
from the group consisting of: Adelotheciaceae such as the
genera Physcomitrella, such as the genus and species Phy-
scomitrella patens, Anacardiaceae such as the genera Pista-
cia, Mangifera, Anacardium, for example the genus and
species Pistacia vera [pistachio], Mangifer indica [mango]
or Anacardium occidentale [cashew]|, Asteraceae, such as
the genera Calendula, Carthamus, Centaurea, Cichorium,
Cynara, Helianthus, Lactuca, Locusta, Tagetes, Valeriana,
for example the genus and species Calendula officinalis
[common marigold], Carthamus tinctorius [safflower], Cen-
taurea cyanus [cornflower|, Cichorium intybus [chicory],
Cynara scolymus |artichoke), Helianthus annus [sunflower],
Lactuca sativa, Lactuca crispa, Lactuca esculenta, Lactuca
scariola L. ssp. sativa, Lactuca scariola L. var. integrate,
Lactuca scariola L. var. integrifolia, Lactuca sativa subsp.
romana, Locusta communis, Valeriana locusta [salad veg-
etables|, Tagetes lucida, Tagetes erecta or lagetes tenuifolia
[african or french marigold], Apiaceae, such as the genus
Daucus, for example the genus and species Daucus carota
[carrot], Betulaceae, such as the genus Corplus, for example
the genera and species Corylus avellana or Corylus colurna
[hazelnut], Boraginaceae, such as the genus Borago, for
example the genus and species Borago officinalis [borage],
Brassicaceae, such as the genera Brassica, Melanosinapis,
Sinapis, Arabadopsis, for example the genera and species
Brassica napus, Brassica rapa ssp. [oilseed rape], Sinapis
arvensis Brassica juncea, Brassica juncea var. juncea, Bras-
sica juncea var. crispifolia, Brassica juncea var. foliosa,
Brassica nigra, Brassica sinapioides, Melanosinapis com-
munis [mustard], Brassica oleracea [fodder beet]| or Arabi-
dopsis thaliana, Bromeliaceae, such as the genera Anana,
Bromelia (pineapple), for example the genera and species
Anana comosus, Ananas ananas or Bromelia comosa |pine-
apple], Caricaceae, such as the genus Carica, such as the
genus and species Carica papaya [pawpaw], Cannabaceae,
such as the genus Cannabis, such as the genus and species
Cannabis sativa [hemp], Convolvulaceae, such as the genera
Ipomea, Convolvulus, for example the genera and species
Ipomoea batatus, Ipomoea pandurata, Convolvulus batatas,
Convolvulus tiliaceus, Ipomoea fastigiata, Ipomoea tiliacea,
Ipomoea triloba or Convolvulus panduratus [sweet potato,
batate], Chenopodiaceae, such as the genus Beta, such as the
genera and species Beta vulgaris, Beta vulgaris var.
altissima, Beta vulgaris var. Vulgaris, Beta maritima, Beta
vulgaris var. perennis, Beta vulgaris var. conditiva or Beta
vulgaris var. esculenta [sugarbeet], Crypthecodiniaceae,
such as the genus Crypthecodinium, for example the genus
and species Cryptecodinium cohnii, Cucurbitaceae, such as
the genus Cucurbita, for example the genera and species
Cucurbita maxima, Cucurbita mixta, Cucurbita pepo or
Cucurbita moschata [pumpkin/squash], Cymbellaceae such
as the genera Amphora, Cymbella, Okedenia, Phaeodacty-
lum, Reimeria, for example the genus and species Phae-
odactylum tricornutum, Ditrichaceae such as the genera
Ditrichaceae, Astomiopsis, Ceratodon, Chrysoblastella,
Ditrichum, Distichium, Eccremidium, Lophidion, Philiber-
tiella, Pleuridium, Saelania, Trichodon, Skottsbergia, for
example the genera and species Ceratodon antarcticus,
Ceratodon columbiae, Ceratodon heterophyllus, Ceratodon
purpureus, Ceratodon purpureus, Ceratodon purpureus ssp.
convolutus, Ceratodon, purpureus spp. stenocarpus, Cer-
atodon purpureus var. rotundifolius, Ceratodon ratodon,
Ceratodon stenocarpus, Chrysoblastella chilensis, Ditri-
chum ambiguum, Ditrichum brevisetum, Ditrichum crisp-
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atissimum, Ditrichum difficile, Ditrichum falcifolium, Ditri-
chum  flexicaule, Ditrichum  giganteum, Ditrichum
heteromallum, Ditrichum lineare, Ditrichum lineare, Ditri-
chum montanum, Ditrichum montanum, Ditrichum palli-
dum, Ditrichum punctulatum, Ditrichum pusillum, Ditri-
chum pusillum var. tortile, Ditrichum rhynchostegium,
Ditrichum schimperi, Ditrichum tortile, Distichium capilla-
ceum, Distichium hagenii, Distichium inclinatum, Dis-
tichium macounii, Eccremidium floridanum, Eccremidium
whiteleggei, Lophidion strictus, Pleuridium acuminatum,
Pleuridium alternifolium, Pleuridium holdridgei, Pleu-
ridium mexicanum, Pleuridium ravenelii, Pleuridium subu-
latum, Saelania glaucescens, Trichodon borealis, Trichodon
cylindricus or Trichodon cylindricus var. oblongus, Elae-
agnaceae such as the genus Elaeagnus, for example the
genus and species Olea europaea [olive], Ericaceae such as
the genus Kalmia, for example the genera and species
Kalmia latifolia, Kalmia angustifolia, Kalmia microphylla,
Kalmia polifolia, Kalmia occidentalis, Cistus chamaerho-
dendros or Kalmia lucida [mountain laurel], Euphorbiaceae
such as the genera Manihot, Janipha, Jatropha, Ricinus, for
example the genera and species Manrihot utilissima, Janipha
manihot, Jatropha manihot, Manihot aipil, Manihot dulcis,
Manihot manihot, Manihot melanobasis, Manihot esculenta
[manihot| or Ricinus communis [castor-oil plant], Fabaceae
such as the genera Pisum, Albizia, Cathormion, Feuillea,
Inga, Pithecolobium, Acacia, Mimosa, Medicajo, Glycine,
Dolichos, Phaseolus, Soja, for example the genera and
species Pisum sativum, Pisum arvense, Pisum humile [peal,
Albizia berteriana, Albizia julibrissin, Albizia lebbeck, Aca-
cia berteriana, Acacia littoralis, Albizia berteriana, Albizzia
berteriana, Cathormion berteriana, Feuillea berteriana,
Inga fragrans, Pithecellobium berterianum, Pithecellobium
fragrans, Pithecolobium berterianum, Pseudalbizzia berte-
riana, Acacia julibrissin, Acacia nemu, Albizia nemu,
Feuilleea julibrissin, Mimosa julibrissin, Mimosa speciosa,
Sericanrda julibrissin, Acacia lebbeck, Acacia macrophylia,
Albizia lebbek, Feuilleea lebbeck, Mimosa lebbeck, Mimosa
speciosa [silk tree], Medicago sativa, Medicago falcata,
Medicago varia [alfalfa], Glycine max Dolichos soja, Gly-
cine gracilis, Glycine hispida, Phaseolus max, Soja hispida
or Soja max [soybean], Funariaceae such as the genera
Aphanorrhegma, Entosthodon, Funaria, Physcomitrella,
Physcomitrium, for example the genera and species Apha-
norrhegma serratum, Entosthodon attenuatus, Entosthodon
bolanderi, Entosthodon bonplandii, Entosthodon californi-
cus, FEntosthodon drummondii, Entosthodon jamesonii,
Entosthodon leibergii, Entosthodon neoscoticus, Entost-
hodon rubrisetus, Entosthodon spathulifolius, Entosthodon
tucsoni, Funaria americana, Funaria bolanderi, Funaria
calcarea, Funaria californica, Funaria calvescens, Funaria
convoluta, Funaria flavicans, Funaria groutiana, Funaria
hygrometrica, Funaria hygrometrica var. arctica, Funaria
hygrometrica var. calvescens, Funaria hygrometrica var.
convoluta, Funaria hygrometrica var. muralis, Funaria
hygrometrica var. utahensis, Funaria microstoma, Funaria
microstoma var. obtusifolia, Funaria muhlenbergii, Funaria
orcuttii, Funaria plano-convexa, Funaria polaris, Funaria
ravenelii, Funaria rubriseta, Funaria serrata, Funaria
sonorae, Funaria sublimbatus, Funaria tucsoni, Physcomi-
trella californica, Physcomitrella patens, Physcomitrella
readeri, Physcomitrium australe, Physcomitrium californi-
cum, Physcomitrium collenchymatum, Physcomitrium colo-
radense, Physcomitrium cupuliferum, Physcomitrium drum-
mondii, Physcomitrium  eurystomum, Physcomitrium
Aexifolium, Physcomitrium hookeri, Physcomitrium hookeri
var. serratum, Physcomitrium immersum, Physcomitrium
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kellermanii, Physcomitrium megalocarpum, Physcomitrium
pyriforme, Physcomitrium pyriforme var. serratum, Phy-
scomitrium rufipes, Physcomitrium sandbergii, Physcomi-
trium subsphaericum, Physcomitrium washingtoniense,
Geraniaceae, such as the genera Pelargonium, Cocos,
Oleum, for example the genera and species Cocos nucifera,
Pelargonium grossularioides or Oleum cocois [coconut],
Gramineae, such as the genus Saccharum, for example the
genus and species Saccharum officinarum, Juglandaceae,
such as the genera Juglans, Wallia, for example the genera
and species Juglans regia, Juglans ailanthifolia, Juglans
sieboldiana, Juglans cinerea, Wallia cinerea, Juglans bix-
byi, Juglans californica, Juglans hindsii, Juglans interme-
dia, Juglans jamaicensis, Juglans major, Juglans micro-
carpa, Juglans nigra or Wallia nigra [walnut], Lauraceae,
such as the genera Persea, Laurus, for example the genera
and species Laurus nobilis [bay|, Persea americana, Persea
gratissima or Persea persea [avocado], Leguminosae, such
as the genus Arachis, for example the genus and species
Arachis hypogaea [peanut], Linaceae, such as the genera
Linum, Adenolinum, for example the genera and species
Linum usitatissimum, Linum humile, Linum austriacum,
Linum bienne, Linum angustifolium, Linum catharticum,
Linum flavum, Linum grandiflorum, Adenolinum grandiflo-
rum, Linum lewisii, Linum narbonense, Linum perenne,
Linum perenne var. lewisii, Linum pratense or Linum trigy-
num [linseed], Lythrarieae, such as the genus Punica, for
example the genus and species Punica granatum [pome-
granate], Malvaceae, such as the genus Gossypium, for
example the genera and species Gossypium hirsutum, Gos-
sypium arboreum, Gossypium barbadense, Gossypium her-
baceum or Gossypium thurberi [cotton], Marchantiaceae,
such as the genus Marchantia, for example the genera and
species Marchantia berteroana, Marchantia foliacea,
Marchantia macropora, Musaceae, such as the genus Musa,
for example the genera and species Musa nrana, Musa
acuminata, Musa paradisiaca, Musa spp. [banana], Ona-
graceae, such as the genera Camissonia, Oenothera, for
example the genera and species Oenothera biennis or
Camissonia brevipes [evening primrose]|, Palmae, such as
the genus Elacis, for example the genus and species Elaeis
guineensis [oil palm], Papaveraceae, such as the genus
Papaver, for example the genera and species Papaver ori-
entale, Papaver rhoeas, Papaver dubium [poppy], Pedali-
aceae, such as the genus Sesamum, for example the genus
and species Sesamum indicum [sesame], Piperaceae, such as
the genera Piper, Artanthe, Peperomia, Steffensia, for
example the genera and species Piper aduncum, Piper
amalago, Piper angustifolium, Piper auritum, Piper betel,
Piper cubeba, Piper longum, Piper nigrum, Piper retrofrac-
tum, Artanthe adunca, Artanthe elongata, Peperomia elon-
gata, Piper elongatum, Steffensia elongata [cayenne pep-
per], Poaceae, such as the genera Hordeum, Secale, Avena,
Sorghum, Andropogon, Holcus, Panicum, Oryza, Zea
(maize), Triticum, for example the genera and species Hor-
deum vulgare, Hordeum jubatum, Hordeum murinum, Hor-
deum secalinum, Hordeum distichon, Hordeum aegiceras,
Hordeum hexastichon, Hordeum hexastichum, Hordeum
irregulare, Hordeum sativum, Hordeum secalinum [barley],
Secale cereale [rye|, Avena sativa, Avena fatua, Avena
byzantina, Avena fatua var. sativa, Avena hybrida |oats],
Sorghum bicolor, Sorghum halepense, Sorghum sacchara-
tum, Sorghum vulgare, Andropogon drummondii, Holcus
bicolor, Holcus sorvghum, Sorghum aethiopicum, Sovghum
arundinaceum, Sorghum caffrorum, Sorghum cernuum, Sor-
ghum dochna, Sorghum drummondii, Sorghum durra, Sor-
ghum guineense, Sorghum lanceolatum, Sovghum nervosum,

10

15

20

25

30

35

40

45

50

55

60

65

28

Sorghum saccharatum, Sorghum subglabrescens, Sorghum
verticillifforum, Sorghum vulgare, Holcus halepensis, Sor-
ghum miliaceum, Panicum militaceum [millet], Oryza
sativa, Oryza latifolia [rice|, Zea mays |[maize], Triticum
aestivum, Triticum durum, Triticum turgidum, Triticum
hybernum, Triticum macha, Triticum sativum or Triticum
vulgare |[wheat], Porphyridiaceae, such as the genera
Chroothece, Flintiella, Petrovanella, Porphyridium, Rho-
della, Rhodosorus, Vanhoeffenia, for example the genus and
species Porphyridium cruentum, Proteaceae, such as the
genus Macadamia, for example the genus and species
Macadamia intergrifolia [macadamia], Prasinophyceae
such as the genera Nephroselmis, Prasinococcus, Scherffe-
lia, Tetraselmis, Mantoniella, Ostreococcus, for example the
genera and species Nephroselmis olivacea, Prasinococcus
capsulatus, Scherffelia dubia, Tetraselmis chui, Tetraselmis
suecica, Mantoniella squamata, Ostreococcus tauri, Rubi-
aceae such as the genus Cofea, for example the genera and
species Cofea spp., Coffea arabica, Coffea canephora or
Coffea liberica [coffee], Scrophulariaceae such as the genus
Verbascum, for example the genera and species Verbascum
blattaria, Verbascum chaixii, Verbascum densiflorum, Ver-
bascum lagurus, Verbascum longifolium, Verbascum lych-
nitis, Verbascum nigrum, Verbascum olympicum, Verbascum
phlomoides, Verbascum phoenicum, Verbascum pulverulen-
tum or Verbascum thapsus [mullein], Solanaceae such as the
genera Capsicum, Nicotiana, Solanum, Lycopersicon, for
example the genera and species Capsicum annuum, Capsi-
cum annuum var. glabriusculum, Capsicum frutescens [pep-
perl, Capsicum annuum [paprika], Nicotiana tabacum,
Nicotiana alata, Nicotiana attenuata, Nicotiana glauca,
Nicotiana langsdorffii, Nicotiana obtusifolia, Nicotiana qua-
drivalvis, Nicotiana repanda, Nicotiana rustica, Nicotiana
sylvestris [tobacco], Solanum tuberosum [potato], Solanum
melongena [eggplant], Lycopersicon esculentum, Lycoper-
sicon lycopersicum, Lycopersicon pyriforme, Solanum inte-
grifolium or Solanum lycopersicum [tomato], Sterculiaceae,
such as the genus Theobroma, for example the genus and
species Theobroma cacao [cacao] or Theaceae, such as the
genus Camellia, for example the genus and species Camellia
sinensis [tea]. In particular preferred plants to be used as
transgenic plants in accordance with the present invention
are oil fruit crops which comprise large amounts of lipid
compounds, such as peanut, oilseed rape, canola, sunflower,
safflower, poppy, mustard, hemp, castor-oil plant, olive,
sesame, Calendula, Pumica, evening primrose, mullein,
thistle, wild roses, hazelnut, almond, macadamia, avocado,
bay, pumpkin/squash, linseed, soybean, pistachios, borage,
trees (oil palm, coconut, walnut) or crops such as maize,
wheat, rye, oats, triticale, rice, barley, cotton, cassava,
pepper, lagetes, Solanaceae plants such as potato, tobacco,
eggplant and tomato, Vicia species, pea, alfalfa or bushy
plants (coffee, cacao, tea), Salix species, and perennial
grasses and fodder crops. Preferred plants according to the
invention are oil crop plants such as peanut, oilseed rape,
canola, sunflower, safflower, poppy, mustard, hemp, castor-
oil plant, olive, Calendula, Punica, evening primrose,
pumpkin/squash, linseed, soybean, borage, trees (oil palm,
coconut). Especially preferred are sunflower, safflower,
tobacco, mullein, sesame, cotton, pumpkin/squash, poppy,
evening primrose, walnut, linseed, hemp, thistle or saf-
flower. Very especially preferred plants are plants such as
safflower, sunflower, poppy, evening primrose, walnut, lin-
seed, or hemp.

Preferred mosses are Physcomitrella or Ceratodon. Pre-
ferred algae are Isochrysis, Mantoniella, Ostreococcus or
Crypthecodinium, and algae/diatoms such as Phaeodacty-
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lum or Thraustochytrium. More preferably, said algae or
mosses are selected from the group consisting of: Emiliana,
Shewanella, Physcomitrella, Thraustochytrium, Fusarium,
Phytophthora, Ceratodon, Isochrysis, Aleurita, Muscari-
oides, Mortierella, Phaeodactylum, Cryphthecodinium, spe-
cifically from the genera and species Thallasiosira
pseudonona, Euglena gracilis, Physcomitrella patens, Phy-
tophtora infestans, Fusarium graminaeum, Cryptocodinium
cohnii, Ceratodon purpureus, Isochrysis galbana, Aleurita
farinosa, Thraustochytrium sp., Muscarioides viallii, Mor-
tierella alpina, Phaeodactylum tricornutum or Caenorhab-
ditis elegans or especially advantageously Phytophtora
infestans, Thallasiosira pseudonona and Cryptocodinium
cohnii.

Transgenic plants may be obtained by transformation
techniques as elsewhere in this specification. Preferably,
transgenic plants can be obtained by T-DNA-mediated trans-
formation. Such vector systems are, as a rule, characterized
in that they contain at least the vir genes, which are required
for the Agrobacterium-mediated transformation, and the
sequences which delimit the T-DNA (T-DNA border). Suit-
able vectors are described elsewhere in the specification in
detail.

Also encompassed are transgenic non-human animals
comprising the vector or polynucleotide of the present
invention. Preferred non-human transgenic animals envis-
aged by the present invention are fish, such as herring,
salmon, sardine, redfish, eel, carp, trout, halibut, mackerel,
zander or tuna.

However, it will be understood that dependent on the
non-human transgenic organism specified above, further,
enzymatic activities may be conferred to the said organism,
e.g., by recombinant technologies. Accordingly, the present
invention, preferably, envisages a non-human transgenic
organism specified above which in addition to the poly-
nucleotide of the present invention comprises polynucle-
otides encoding such desaturases and/or elongases as
required depending on the selected host cell. Preferred
desaturases and/or elongases which shall be present in the
organism are at least one enzyme selected from the group of
desaturases and/or elongases or the combinations specifi-
cally recited elsewhere in this specification (see above and
Tables 3, 4 and 5).

Furthermore, the present invention encompasses a method
for the manufacture of polyunsaturated fatty acids compris-
ing:

a) cultivating the host cell of the invention under condi-
tions which allow for the production of polyunsaturated
fatty acids in said host cell;

b) obtaining said polyunsaturated fatty acids from the said
host cell.

The term “polyunsaturated fatty acids (PUFA)” as used
herein refers to fatty acids comprising at least two, prefer-
ably, three, four, five or six, double bonds. Moreover, it is to
be understood that such fatty acids comprise, preferably
from 18 to 24 carbon atoms in the fatty acid chain. More
preferably, the term relates to long chain PUFA (LCPUFA)
having from 20 to 24 carbon atoms in the fatty acid chain.
Preferred unsaturated fatty acids in the sense of the present
invention are selected from the group consisting of DGLA
20:3 (8,11,14), ARA 20:4 (5,8,11,14), iARA 20:4(8,11,14,
17), EPA 20:5 (5,8,11,14,17), DPA 22:5 (4,7,10,13,16),
DHA 22:6 (4,7,10,13,16,19), 20:4 (8,11,14,17), more pref-
erably, arachidonic acid (ARA) 20:4 (5,8,11,14), eicosapen-
taenoic acid (EPA) 20:5 (5,8,11,14,17), and docosahexae-
noic acid (DHA) 22:6 (4,7,10,13,16,19). Thus, it will be
understood that most preferably, the methods provided by
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the present invention pertaining to the manufacture of ARA,
EPA or DHA. Moreover, also encompassed are the interme-
diates of LCPUFA which occur during synthesis. Such
intermediates are, preferably, formed from substrates by the
desaturase or elongase activity of the polypeptides of the
present invention. Preferably, substrates encompass LA 18:2
(9,12), AL A 18:3(9,12,15), Eicosadienoic acid 20:2 (11,14),
Eicosatrienoic acid 20:3 (11,14,17)), DGLA 20:3 (8,11,14),
ARA 20:4 (5,8,11,14), eicosatetraenoic acid 20:4 (8,11,14,
17), Eicosapentaenoic acid 20:5 (5,8,11,14,17), Docosa-
hexapentanoic acid 22:5 (7,10,13,16,19).

The term “cultivating” as used herein refers maintaining
and growing the host cells under culture conditions which
allow the cells to produce the said polyunsaturated fatty
acid, i.e. the PUFA and/or LCPUFA referred to above. This
implies that the polynucleotide of the present invention is
expressed in the host cell so that the desaturase and/or
elongase activity is present. Suitable culture conditions for
cultivating the host cell are described in more detail below.

The term “obtaining” as used herein encompasses the
provision of the cell culture including the host cells and the
culture medium as well as the provision of purified or
partially purified preparations thereof comprising the poly-
unsaturated fatty acids, preferably, ARA, EPA, DHA, in free
or in -CoA bound form, as membrane phospholipids or as
triacylglyceride estres. More preferably, the PUFA and
LCPUFA are to be obtained as triglyceride esters, e.g., in
form of an oil. More details on purification techniques can
be found elsewhere herein below.

The host cells to be used in the method of the invention
are grown or cultured in the manner with which the skilled
worker is familiar, depending on the host organism. Usually,
host cells are grown in a liquid medium comprising a carbon
source, usually in the form of sugars, a nitrogen source,
usually in the form of organic nitrogen sources such as yeast
extract or salts such as ammonium sulfate, trace elements
such as salts of iron, manganese and magnesium and, if
appropriate, vitamins, at temperatures of between 0° C. and
100° C., preferably between 10° C. and 60° C. under oxygen
or anaerobic atmosphere dependent on the type of organism.
The pH of the liquid medium can either be kept constant,
that is to say regulated during the culturing period, or not.
The cultures can be grown batchwise, semibatchwise or
continuously. Nutrients can be provided at the beginning of
the fermentation or administered semicontinuously or con-
tinuously: The produced PUFA or LCPUFA can be isolated
from the host cells as described above by processes known
to the skilled worker, e.g., by extraction, distillation, crys-
tallization, if appropriate precipitation with salt, and/or
chromatography. It might be required to disrupt the host
cells prior to purification. To this end, the host cells can be
disrupted beforehand. The culture medium to be used must
suitably meet the requirements of the host cells in question.
Descriptions of culture media for various microorganisms
which can be used as host cells according to the present
invention can be found in the textbook “Manual of Methods
for General Bacteriology” of the American Society for
Bacteriology (Washington D.C., USA, 1981). Culture media
can also be obtained from various commercial suppliers. All
media components are sterilized, either by heat or by filter
sterilization. All media components may be present at the
start of the cultivation or added continuously or batchwise,
as desired. If the polynucleotide or vector of the invention
which has been introduced in the host cell further comprises
an expressible selection marker, such as an antibiotic resis-
tance gene, it might be necessary to add a selection agent to
the culture, such as a antibiotic in order to maintain the
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stability of the introduced polynucleotide. The culture is
continued until formation of the desired product is at a
maximum. This is normally achieved within 10 to 160 hours.
The fermentation broths can be used directly or can be
processed further. The biomass may, according to require-
ment, be removed completely or partially from the fermen-
tation broth by separation methods such as, for example,
centrifugation, filtration, decanting or a combination of these
methods or be left completely in said broth. The fatty acid
preparations obtained by the method of the invention, e.g.,
oils, comprising the desired PUFA or LCPUFA as triglyc-
eride esters are also suitable as starting material for the
chemical synthesis of further products of interest. For
example, they can be used in combination with one another
or alone for the preparation of pharmaceutical or cosmetic
compositions, foodstuffs, or animal feeds. Chemically pure
triglycerides comprising the desired PUFA or LCPUFA can
also be manufactured by the methods described above. To
this end, the fatty acid preparations are further purified by
extraction, distillation, crystallization, chromatography or
combinations of these methods. In order to release the fatty
acid moieties from the triglycerides, hydrolysis may be also
required. The said chemically pure triglycerides or free fatty
acids are, in particular, suitable for applications in the food
industry or for cosmetic and pharmacological compositions.

Moreover, the present invention relates to a method for
the manufacture of poly-unsaturated fatty acids comprising:

a) cultivating the non-human transgenic organism of the

invention under conditions which allow for the produc-
tion of poly-unsaturated fatty acids in said non-human
transgenic organism; and

b) obtaining said poly-unsaturated fatty acids from the

said non-human transgenic organism.

Further, it follows from the above that a method for the
manufacture of an oil, lipid or fatty acid composition is also
envisaged by the present invention comprising the steps of
any one of the aforementioned methods and the further step
of formulating PUFA or LCPUFA as oil, lipid or fatty acid
composition. Preferably, said oil, lipid or fatty acid compo-
sition is to be used for feed, foodstuffs, cosmetics or medi-
caments. Accordingly, the formulation of the PUFA or
LCPUFA shall be carried out according to the GMP stan-
dards for the individual envisaged products. For example, an
oil may be obtained from plant seeds by an oil mill.
However, for product safety reasons, sterilization may be
required under the applicable GMP standard. Similar stan-
dards will apply for lipid or fatty acid compositions to be
applied in cosmetic or pharmaceutical compositions. All
these measures for formulating oil, lipid or fatty acid com-
positions as products are comprised by the aforementioned
manufacture.

The term “o0il” refers to a fatty acid mixture comprising
unsaturated and/or saturated fatty acids which are esterified
to triglycerides. Preferably, the triglycerides in the oil of the
invention comprise PUFA or LCPUFA as referred to above.
The amount of esterified PUFA and/or LCPUFA is, prefer-
ably, approximately 30%, a content of 50% is more pre-
ferred, a content of 60%, 70%, 80% or more is even more
preferred. The oil may further comprise free fatty acids,
preferably, the PUFA and LCPUFA referred to above. For
the analysis, the fatty acid content can be, e.g., determined
by GC analysis after converting the fatty acids into the
methyl esters by transesterification. The content of the
various fatty acids in the oil or fat can vary, in particular
depending on the source. The oil, however, shall have a
non-naturally occurring composition with respect to the
PUFA and/or LCPUFA composition and content. It will be
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understood that such a unique oil composition and the
unique esterification pattern of PUFA and LCPUFA in the
triglycerides of the oil shall only be obtainable by applying
the methods of the present invention specified above. More-
over, the oil of the invention may comprise other molecular
species as well. Specifically, it may comprise minor impu-
rities of the polynucleotide or vector of the invention. Such
impurities, however, can be detected only by highly sensi-
tive techniques such as PCR.

Another embodiment is the use of the polynucleotide
comprising NEENA or the recombinant vector comprising
the polynucleotide with NEENA as defined above for
enhancing expression of at least one enzyme of the polyun-
saturated fatty acid biosynthetic pathway as defined in plants
or parts thereof, in a more preferably embodiment the
polynucleotide comprising NEENA or the recombinant vec-
tor comprising the polynucleotide with NEENA as defined
above for enhancing expression of at least one enzyme of the
polyunsaturated fatty acid biosynthetic pathway is used in
plant seeds.

Another preferred embodiment is the use of a host cell or
a host cell culture or of a non-human transgenic organism,
transgenic plant, plant parts or plant seeds derived from the
transgenic non-human organism or plant as described above
for the production of foodstuffs, animal feeds, seeds, phar-
maceuticals or fine chemicals.

DEFINITIONS

Abbreviations: NEENA-—nucleic acid expression
enhancing nucleic acid, GFP—green fluorescence protein,
GUS—beta-Glucuronidase, BAP—6-benzylaminopurine;
MS—Murashige and Skoog medium; Kan: Kanamycin sul-
fate; GA3—Gibberellic acid; microl: Microliter.

It is to be understood that this invention is not limited to
the particular methodology or protocols. It is also to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is
not intended to limit the scope of the present invention
which will be limited only by the appended claims. It must
be noted that as used herein and in the appended claims, the
singular forms “a,” “and,” and “the” include plural reference
unless the context clearly dictates otherwise. Thus, for
example, reference to “a vector” is a reference to one or
more vectors and includes equivalents thereof known to
those skilled in the art, and so forth. The term “about™ is used
herein to mean approximately, roughly, around, or in the
region of. When the term “about” is used in conjunction with
a numerical range, it modifies that range by extending the
boundaries above and below the numerical values set forth.
In general, the term “about” is used herein to modify a
numerical value above and below the stated value by a
variance of 20 percent, preferably 10 percent up or down
(higher or lower). As used herein, the word “or” means any
one member of a particular list and also includes any
combination of members of that list. The words “comprise,”
“comprising,” “include,” “including,” and “includes” when
used in this specification and in the following claims are
intended to specify the presence of one or more stated
features, integers, components, or steps, but they do not
preclude the presence or addition of one or more other
features, integers, components, steps, or groups thereof. For
clarity, certain terms used in the specification are defined and
used as follows:

Antiparallel: “Antiparallel” refers herein to two nucleotide
sequences paired through hydrogen bonds between comple-
mentary base residues with phosphodiester bonds running in



US 9,428,757 B2

33

the 5'-3' direction in one nucleotide sequence and in the 3'-5'
direction in the other nucleotide sequence.

Antisense: The term “antisense” refers to a nucleotide
sequence that is inverted relative to its normal orientation for
transcription or function and so expresses an RNA transcript
that is complementary to a target gene mRNA molecule
expressed within the host cell (e.g., it can hybridize to the
target gene mRNA molecule or single stranded genomic
DNA through Watson-Crick base pairing) or that is comple-
mentary to a target DNA molecule such as, for example
genomic DNA present in the host cell.

Coding region: As used herein the term “coding region”
when used in reference to a structural gene refers to the
nucleotide sequences which encode the amino acids found in
the nascent polypeptide as a result of translation of a mRNA
molecule. The coding region is bounded, in eukaryotes, on
the 5'-side by the nucleotide triplet “ATG” which encodes
the initiator methionine and on the 3'-side by one of the three
triplets which specify stop codons (i.e., TAA, TAG, TGA).
In addition to containing introns, genomic forms of a gene
may also include sequences located on both the 5'- and
3'-end of the sequences which are present on the RNA
transcript. These sequences are referred to as “flanking”
sequences or regions (these flanking sequences are located 5'
or 3' to the non-translated sequences present on the mRNA
transcript). The 5'-flanking region may contain regulatory
sequences such as promoters and enhancers which control or
influence the transcription of the gene. The 3'-flanking
region may contain sequences which direct the termination
of transcription, post-transcriptional cleavage and polyade-
nylation.

Complementary: “Complementary” or “complementarity”
refers to two nucleotide sequences which comprise antipar-
allel nucleotide sequences capable of pairing with one
another (by the base-pairing rules) upon formation of hydro-
gen bonds between the complementary base residues in the
antiparallel nucleotide sequences. For example, the
sequence 5-AGT-3' is complementary to the sequence
5'-ACT-3". Complementarity can be “partial” or “total.”
“Partial” complementarity is where one or more nucleic acid
bases are not matched according to the base pairing rules.
“Total” or “complete” complementarity between nucleic
acid molecules is where each and every nucleic acid base is
matched with another base under the base pairing rules. The
degree of complementarity between nucleic acid molecule
strands has significant effects on the efficiency and strength
of hybridization between nucleic acid molecule strands. A
“complement” of a nucleic acid sequence as used herein
refers to a nucleotide sequence whose nucleic acid mol-
ecules show total complementarity to the nucleic acid mol-
ecules of the nucleic acid sequence.

Double-stranded RNA: A “double-stranded RNA” molecule
or “dsRNA” molecule comprises a sense RNA fragment of
a nucleotide sequence and an antisense RNA fragment of the
nucleotide sequence, which both comprise nucleotide
sequences complementary to one another, thereby allowing
the sense and antisense RNA fragments to pair and form a
double-stranded RNA molecule.

Endogenous: An “endogenous” nucleotide sequence refers
to a nucleotide sequence, which is present in the genome of
the untransformed plant cell.

Enhanced expression: “enhance” or “increase” the expres-
sion of a nucleic acid molecule in a plant cell are used
equivalently herein and mean that the level of expression of
the nucleic acid molecule in a plant, part of a plant or plant
cell after applying a method of the present invention is
higher than its expression in the plant, part of the plant or
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plant cell before applying the method, or compared to a
reference plant lacking a recombinant nucleic acid molecule
of the invention. For example, the reference plant is com-
prising the same construct which is only lacking the respec-
tive NEENA. The term “enhanced” or “increased” as used
herein are synonymous and means herein higher, preferably
significantly higher expression of the nucleic acid molecule
to be expressed. As used herein, an “enhancement” or
“increase” of the level of an agent such as a protein, nRNA
or RNA means that the level is increased relative to a
substantially identical plant, part of a plant or plant cell
grown under substantially identical conditions, lacking a
recombinant nucleic acid molecule of the invention, for
example lacking the NEENA molecule, the recombinant
construct or recombinant vector of the invention. As used
herein, “enhancement” or “increase” of the level of an agent,
such as for example a preRNA, mRNA, rRNA, tRNA,
snoRNA, snRNA expressed by the target gene and/or of the
protein product encoded by it, means that the level is
increased 50% or more, for example 100% or more, pref-
erably 200% or more, more preferably 5 fold or more, even
more preferably 10 fold or more, most preferably 20 fold or
more for example 50 fold relative to a cell or organism
lacking a recombinant nucleic acid molecule of the inven-
tion. The enhancement or increase can be determined by
methods with which the skilled worker is familiar. Thus, the
enhancement or increase of the nucleic acid or protein
quantity can be determined for example by an immunologi-
cal detection of the protein. Moreover, techniques such as
protein assay, fluorescence, Northern hybridization, nucle-
ase protection assay, reverse transcription (quantitative RT-
PCR), ELISA (enzyme-linked immunosorbent assay), West-
ern  blotting, radioimmunoassay (RIA) or other
immunoassays and fluorescence-activated cell analysis
(FACS) can be employed to measure a specific protein or
RNA in a plant or plant cell. Depending on the type of the
induced protein product, its activity or the effect on the
phenotype of the organism or the cell may also be deter-
mined. Methods for determining the protein quantity are
known to the skilled worker. Examples, which may be
mentioned, are: the micro-Biuret method (Goa J (1953)
Scand J Clin Lab Invest 5:218-222), the Folin-Ciocalteau
method (Lowry O Het al. (1951) J Biol Chem 193:265-275)
or measuring the absorption of CBB G-250 (Bradford M M
(1976) Analyt Biochem 72:248-254). As one example for
quantifying the activity of a protein, the detection of
luciferase activity is described in the Examples below.

Expression: “Expression” refers to the biosynthesis of a
gene product, preferably to the transcription and/or transla-
tion of a nucleotide sequence, for example an endogenous
gene or a heterologous gene, in a cell. For example, in the
case of a structural gene, expression involves transcription
of the structural gene into mRNA and—optionally—the
subsequent translation of mRNA into one or more polypep-
tides. In other cases, expression may refer only to the
transcription of the DNA harboring an RNA molecule.

Expression construct: “Expression construct” as used herein
mean a DNA sequence capable of directing expression of a
particular nucleotide sequence in an appropriate part of a
plant or plant cell, comprising a promoter functional in said
part of a plant or plant cell into which it will be introduced,
operatively linked to the nucleotide sequence of interest
which is—optionally—operatively linked to termination
signals. If translation is required, it also typically comprises
sequences required for proper translation of the nucleotide
sequence. The coding region may code for a protein of
interest but may also code for a functional RNA of interest,
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for example RNAa, siRNA, snoRNA, snRNA, microRNA,
ta-siRNA or any other noncoding regulatory RNA, in the
sense or antisense direction. The expression construct com-
prising the nucleotide sequence of interest may be chimeric,
meaning that one or more of its components is heterologous
with respect to one or more of its other components. The
expression construct may also be one, which is naturally
occurring but has been obtained in a recombinant form
useful for heterologous expression. Typically, however, the
expression construct is heterologous with respect to the host,
i.e., the particular DNA sequence of the expression construct
does not occur naturally in the host cell and must have been
introduced into the host cell or an ancestor of the host cell
by a transformation event. The expression of the nucleotide
sequence in the expression construct may be under the
control of a seed-specific promoter or of an inducible
promoter, which initiates transcription only when the host
cell is exposed to some particular external stimulus. In the
case of a plant, the promoter can also be specific to a
particular tissue or organ or stage of development.
Foreign: The term “foreign™ refers to any nucleic acid
molecule (e.g., gene sequence) which is introduced into the
genome of a cell by experimental manipulations and may
include sequences found in that cell so long as the intro-
duced sequence contains some modification (e.g., a point
mutation, the presence of a selectable marker gene, etc.) and
is therefore distinct relative to the naturally-occurring
sequence.

Functional linkage: The term “functional linkage” or “func-
tionally linked” is to be understood as meaning, for example,
the sequential arrangement of a regulatory element (e.g. a
promoter) with a nucleic acid sequence to be expressed and,
if appropriate, further regulatory elements (such as e.g., a
terminator or a NEENA) in such a way that each of the
regulatory elements can fulfill its intended function to allow,
modify, facilitate or otherwise influence expression of said
nucleic acid sequence. As a synonym the wording “operable
linkage” or “operably linked” may be used. The expression
may result depending on the arrangement of the nucleic acid
sequences in relation to sense or antisense RNA. To this end,
direct linkage in the chemical sense is not necessarily
required. Genetic control sequences such as, for example,
enhancer sequences, can also exert their function on the
target sequence from positions which are further away, or
indeed from other DNA molecules. Preferred arrangements
are those in which the nucleic acid sequence to be expressed
recombinantly is positioned behind the sequence acting as
promoter, so that the two sequences are linked covalently to
each other. The distance between the promoter sequence and
the nucleic acid sequence to be expressed recombinantly is
preferably less than 200 base pairs, especially preferably less
than 100 base pairs, very especially preferably less than 50
base pairs. In a preferred embodiment, the nucleic acid
sequence to be transcribed is located behind the promoter in
such a way that the transcription start is identical with the
desired beginning of the chimeric RNA of the invention.
Functional linkage, and an expression construct, can be
generated by means of customary recombination and clon-
ing techniques as described (e.g., in Maniatis T, Fritsch E F
and Sambrook J (1989) Molecular Cloning: A Laboratory
Manual, 2nd Ed., Cold Spring Harbor Laboratory, Cold
Spring Harbor (NY); Silhavy et al. (1984) Experiments with
Gene Fusions, Cold Spring Harbor Laboratory, Cold Spring
Harbor (NY); Ausubel et al. (1987) Current Protocols in
Molecular Biology, Greene Publishing Assoc. and Wiley
Interscience; Gelvin et al. (Eds) (1990) Plant Molecular
Biology Manual; Kluwer Academic Publisher, Dordrecht,
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The Netherlands). However, further sequences, which, for
example, act as a linker with specific cleavage sites for
restriction enzymes, or as a signal peptide, may also be
positioned between the two sequences. The insertion of
sequences may also lead to the expression of fusion proteins.
Preferably, the expression construct, consisting of a linkage
of a regulatory region for example a promoter and nucleic
acid sequence to be expressed, can exist in a vector-inte-
grated form and be inserted into a plant genome, for example
by transformation.

Gene: The term “gene” refers to a region operably joined to
appropriate regulatory sequences capable of regulating the
expression of the gene product (e.g., a polypeptide or a
functional RNA) in some manner. A gene includes untrans-
lated regulatory regions of DNA (e.g., promoters, enhancers,
repressors, etc.) preceding (up-stream) and following
(downstream) the coding region (open reading frame, ORF)
as well as, where applicable, intervening sequences (i.e.,
introns) between individual coding regions (i.e., exons). The
term “structural gene” as used herein is intended to mean a
DNA sequence that is transcribed into mRNA which is then
translated into a sequence of amino acids characteristic of a
specific polypeptide.

Genome and genomic DNA: The terms “genome” or
“genomic DNA” is referring to the heritable genetic infor-
mation of a host organism. Said genomic DNA comprises
the DNA of the nucleus (also referred to as chromosomal
DNA) but also the DNA of the plastids (e.g., chloroplasts)
and other cellular organelles (e.g., mitochondria). Preferably
the terms genome or genomic DNA is referring to the
chromosomal DNA of the nucleus.

Heterologous: The term “heterologous™ with respect to a
nucleic acid molecule or DNA refers to a nucleic acid
molecule which is operably linked to, or is manipulated to
become operably linked to, a second nucleic acid molecule
to which it is not operably linked in nature, or to which it is
operably linked at a different location in nature. A heterolo-
gous expression construct comprising a nucleic acid mol-
ecule and one or more regulatory nucleic acid molecule
(such as a promoter or a transcription termination signal)
linked thereto for example is a constructs originating by
experimental manipulations in which either a) said nucleic
acid molecule, or b) said regulatory nucleic acid molecule or
¢) both (i.e. (a) and (b)) is not located in its natural (native)
genetic environment or has been modified by experimental
manipulations, an example of a modification being a sub-
stitution, addition, deletion, inversion or insertion of one or
more nucleotide residues. Natural genetic environment
refers to the natural chromosomal locus in the organism of
origin, or to the presence in a genomic library. In the case of
a genomic library, the natural genetic environment of the
sequence of the nucleic acid molecule is preferably retained,
at least in part. The environment flanks the nucleic acid
sequence at least at one side and has a sequence of at least
50 bp, preferably at least 500 bp, especially preferably at
least 1,000 bp, very especially preferably at least 5,000 bp,
in length. A naturally occurring expression construct—for
example the naturally occurring combination of a promoter
with the corresponding gene—becomes a transgenic expres-
sion construct when it is modified by non-natural, synthetic
“artificial” methods such as, for example, mutagenization.
Such methods have been described (U.S. Pat. No. 5,565,350,
WO 00/15815). For example a protein encoding nucleic acid
molecule operably linked to a promoter, which is not the
native promoter of this molecule, is considered to be heter-
ologous with respect to the promoter. Preferably, heterolo-
gous DNA is not endogenous to or not naturally associated
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with the cell into which it is introduced, but has been
obtained from another cell or has been synthesized. Heter-
ologous DNA also includes an endogenous DNA sequence,
which contains some modification, non-naturally occurring,
multiple copies of an endogenous DNA sequence, or a DNA
sequence which is not naturally associated with another
DNA sequence physically linked thereto. Generally,
although not necessarily, heterologous DNA encodes RNA
or proteins that are not normally produced by the cell into
which it is expressed.

High expression seed-specific promoter: A “high expression
seed-specific promoter” as used herein means a promoter
causing seed-specific or seed-preferential expression in a
plant or part thereof wherein the accumulation or rate of
synthesis of RNA or stability of RNA derived from the
nucleic acid molecule under the control of the respective
promoter is higher, preferably significantly higher than the
expression caused by the promoter lacking the NEENA of
the invention. Preferably the amount of RNA and/or the rate
of RNA synthesis and/or stability of RNA is increased 50%
or more, for example 100% or more, preferably 200% or
more, more preferably 5 fold or more, even more preferably
10 fold or more, most preferably 20 fold or more for
example 50 fold relative to a seed-specific or a seed-
preferential promoter lacking a NEENA of the invention.
Hybridization: The term “hybridization” as used herein
includes “any process by which a strand of nucleic acid
molecule joins with a complementary strand through base
pairing.” (J. Coombs (1994) Dictionary of Biotechnology,
Stockton Press, New York). Hybridization and the strength
ot hybridization (i.e., the strength of the association between
the nucleic acid molecules) is impacted by such factors as
the degree of complementarity between the nucleic acid
molecules, stringency of the conditions involved, the Tm of
the formed hybrid, and the G:C ratio within the nucleic acid
molecules. As used herein, the term “Tm” is used in refer-
ence to the “melting temperature.” The melting temperature
is the temperature at which a population of double-stranded
nucleic acid molecules becomes half dissociated into single
strands. The equation for calculating the Tm of nucleic acid
molecules is well known in the art. As indicated by standard
references, a simple estimate of the Tm value may be
calculated by the equation: Tm=81.5+0.41(% G+C), when a
nucleic acid molecule is in aqueous solution at 1 M NaCl
[see e.g., Anderson and Young, Quantitative Filter Hybrid-
ization, in Nucleic Acid Hybridization (1985)]. Other refer-
ences include more sophisticated computations, which take
structural as well as sequence characteristics into account for
the calculation of Tm. Stringent conditions, are known to
those skilled in the art and can be found in Current Protocols
in Molecular Biology, John Wiley & Sons, N.Y. (1989),
6.3.1-6.3.6.

“Identity”: “Identity” when used in respect to the compari-
son of two or more nucleic acid or amino acid molecules
means that the sequences of said molecules share a certain
degree of sequence similarity, the sequences being partially
identical.

To determine the percentage identity (homology is herein
used interchangeably) of two amino acid sequences or of
two nucleic acid molecules, the sequences are written one
underneath the other for an optimal comparison (for
example gaps may be inserted into the sequence of a protein
or of a nucleic acid in order to generate an optimal alignment
with the other protein or the other nucleic acid).

The amino acid residues or nucleic acid molecules at the
corresponding amino acid positions or nucleotide positions
are then compared. If a position in one sequence is occupied
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by the same amino acid residue or the same nucleic acid
molecule as the corresponding position in the other
sequence, the molecules are homologous at this position (i.e.
amino acid or nucleic acid “homology” as used in the
present context corresponds to amino acid or nucleic acid
“identity”. The percentage homology between the two
sequences is a function of the number of identical positions
shared by the sequences (i.e. % homology=number of iden-
tical positions/total number of positionsx100). The terms
“homology” and “identity” are thus to be considered as
synonyms.

For the determination of the percentage identity of two or
more amino acids or of two or more nucleotide sequences
several computer software programs have been developed.
The identity of two or more sequences can be calculated
with for example the software fasta, which presently has
been used in the version fasta 3 (W. R. Pearson and D. J.
Lipman, PNAS 85, 2444 (1988); W. R. Pearson, Methods in
Enzymology 183, 63 (1990); W. R. Pearson and D. J.
Lipman, PNAS 85, 2444 (1988); W. R. Pearson, Enzymol-
ogy 183, 63 (1990)). Another useful program for the calcu-
lation of identities of different sequences is the standard blast
program, which is included in the Biomax pedant software
(Biomax, Munich, Federal Republic of Germany). This
leads unfortunately sometimes to suboptimal results since
blast does not always include complete sequences of the
subject and the query. Nevertheless as this program is very
efficient it can be used for the comparison of a huge number
of sequences. The following settings are typically used for
such a comparisons of sequences:

Intron: refers to sections of DNA (intervening sequences)
within a gene that do not encode part of the protein that the
gene produces, and that is spliced out of the mRNA that is
transcribed from the gene before it is exported from the cell
nucleus. Intron sequence refers to the nucleic acid sequence
of an intron. Thus, introns are those regions of DNA
sequences that are transcribed along with the coding
sequence (exons) but are removed during the formation of
mature mRNA. Introns can be positioned within the actual
coding region or in either the 5' or 3' untranslated leaders of
the pre-mRNA (unspliced mRNA). Introns in the primary
transcript are excised and the coding sequences are simul-
taneously and precisely ligated to form the mature mRNA.
The junctions of introns and exons form the splice site. The
sequence of an intron begins with GU and ends with AG.
Furthermore, in plants, two examples of AU-AC introns
have been described: the fourteenth intron of the RecA-like
protein gene and the seventh intron of the G5 gene from
Arabidopsis thaliana are AT-AC introns. Pre-mRNAs con-
taining introns have three short sequences that are—beside
other sequences—essential for the intron to be accurately
spliced. These sequences are the 5' splice-site, the 3' splice-
site, and the branchpoint. mRNA splicing is the removal of
intervening sequences (introns) present in primary mRNA
transcripts and joining or ligation of exon sequences. This is
also known as cis-splicing which joins two exons on the
same RNA with the removal of the intervening sequence
(intron). The functional elements of an intron is comprising
sequences that are recognized and bound by the specific
protein components of the spliceosome (e.g. splicing con-
sensus sequences at the ends of introns). The interaction of
the functional elements with the spliceosome results in the
removal of the intron sequence from the premature mRNA
and the rejoining of the exon sequences. Introns have three
short sequences that are essential—although not sufficient—
for the intron to be accurately spliced. These sequences are
the 5' splice site, the 3' splice site and the branch point. The
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branchpoint sequence is important in splicing and splice-site
selection in plants. The branchpoint sequence is usually
located 10-60 nucleotides upstream of the 3' splice site.
Isolated: The term “isolated” as used herein means that a
material has been removed by the hand of man and exists
apart from its original, native environment and is therefore
not a product of nature. An isolated material or molecule
(such as a DNA molecule or enzyme) may exist in a purified
form or may exist in a non-native environment such as, for
example, in a transgenic host cell. For example, a naturally
occurring polynucleotide or polypeptide present in a living
plant is not isolated, but the same polynucleotide or poly-
peptide, separated from some or all of the coexisting mate-
rials in the natural system, is isolated. Such polynucleotides
can be part of a vector and/or such polynucleotides or
polypeptides could be part of a composition, and would be
isolated in that such a vector or composition is not part of its
original environment. Preferably, the term “isolated” when
used in relation to a nucleic acid molecule, as in “an isolated
nucleic acid sequence” refers to a nucleic acid sequence that
is identified and separated from at least one contaminant
nucleic acid molecule with which it is ordinarily associated
in its natural source. Isolated nucleic acid molecule is
nucleic acid molecule present in a form or setting that is
different from that in which it is found in nature. In contrast,
non-isolated nucleic acid molecules are nucleic acid mol-
ecules such as DNA and RNA, which are found in the state
they exist in nature. For example, a given DNA sequence
(e.g., a gene) is found on the host cell chromosome in
proximity to neighboring genes; RNA sequences, such as a
specific mRNA sequence encoding a specific protein, are
found in the cell as a mixture with numerous other mRNAs,
which encode a multitude of proteins. However, an isolated
nucleic acid sequence comprising for example SEQ ID NO:
1 includes, by way of example, such nucleic acid sequences
in cells which ordinarily contain SEQ 1D NO:1 where the
nucleic acid sequence is in a chromosomal or extrachromo-
somal location different from that of natural cells, or is
otherwise flanked by a different nucleic acid sequence than
that found in nature. The isolated nucleic acid sequence may
be present in single-stranded or double-stranded form. When
an isolated nucleic acid sequence is to be utilized to express
a protein, the nucleic acid sequence will contain at a
minimum at least a portion of the sense or coding strand (i.e.,
the nucleic acid sequence may be single-stranded). Alterna-
tively, it may contain both the sense and anti-sense strands
(i.e., the nucleic acid sequence may be double-stranded).
Minimal Promoter: promoter elements, particularly a TATA
element, that are inactive or that have greatly reduced
promoter activity in the absence of upstream activation. In
the presence of a suitable transcription factor, the minimal
promoter functions to permit transcription.

NEENA: see “Nucleic acid expression enhancing nucleic
acid”.

Nucleic acid expression enhancing nucleic acid (NEENA):
The term “nucleic acid expression enhancing nucleic acid”
refers to a sequence and/or a nucleic acid molecule of a
specific sequence having the intrinsic property to enhance
expression of a nucleic acid under the control of a promoter
to which the NEENA is functionally linked. Unlike pro-
moter sequences, the NEENA as such is not able to drive
expression. In order to fulfill the function of enhancing
expression of a nucleic acid molecule functionally linked to
the NEENA, the NEENA itself has to be functionally linked
to a promoter. In distinction to enhancer sequences known in
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the art, the NEENA is acting in cis but not in trans and has
to be located close to the transcription start site of the nucleic
acid to be expressed.

Nucleic acids and nucleotides: The terms “Nucleic Acids”
and “Nucleotides™ refer to naturally occurring or synthetic
or artificial nucleic acid or nucleotides. The terms “nucleic
acids” and “nucleotides” comprise deoxyribonucleotides or
ribonucleotides or any nucleotide analogue and polymers or
hybrids thereof in either single- or double-stranded, sense or
antisense form. Unless otherwise indicated, a particular
nucleic acid sequence also implicitly encompasses conser-
vatively modified variants thereof (e.g., degenerate codon
substitutions) and complementary sequences, as well as the
sequence explicitly indicated. The term “nucleic acid” is
used inter-changeably herein with “gene”, “cDNA,
“mRNA”, “oligonucleotide,” and “polynucleotide”. Nucleo-
tide analogues include nucleotides having modifications in
the chemical structure of the base, sugar and/or phosphate,
including, but not limited to, 5-position pyrimidine modifi-
cations, 8-position purine modifications, modifications at
cytosine exocyclic amines, substitution of 5-bromo-uracil,
and the like; and 2'-position sugar modifications, including
but not limited to, sugar-modified ribonucleotides in which
the 2'-OH is replaced by a group selected from H, OR, R,
halo, SH, SR, NH2, NHR, NR2, or CN. Short hairpin RN As
(shRNAs) also can comprise non-natural elements such as
non-natural bases, e.g., ionosin and xanthine, non-natural
sugars, e.g., 2'-methoxy ribose, or non-natural phosphodi-
ester linkages, e.g., methylphosphonates, phosphorothioates
and peptides.

Nucleic acid sequence: The phrase “nucleic acid sequence”
refers to a single or double-stranded polymer of deoxyribo-
nucleotide or ribonucleotide bases read from the 5'- to the
3'-end. It includes chromosomal DNA, self-replicating plas-
mids, infectious polymers of DNA or RNA and DNA or
RNA that performs a primarily structural role. “Nucleic acid
sequence” also refers to a consecutive list of abbreviations,
letters, characters or words, which represent nucleotides. In
one embodiment, a nucleic acid can be a “probe” which is
a relatively short nucleic acid, usually less than 100 nucleo-
tides in length. Often a nucleic acid probe is from about 50
nucleotides in length to about 10 nucleotides in length. A
“target region” of a nucleic acid is a portion of a nucleic acid
that is identified to be of interest.

Oligonucleotide: The term “oligonucleotide” refers to an
oligomer or polymer of ribonucleic acid (RNA) or deoxy-
ribonucleic acid (DNA) or mimetics thereof, as well as
oligonucleotides having non-naturally-occurring portions
which function similarly. Such modified or substituted oli-
gonucleotides are often preferred over native forms because
of desirable properties such as, for example, enhanced
cellular uptake, enhanced affinity for nucleic acid target and
increased stability in the presence of nucleases. An oligo-
nucleotide preferably includes two or more nucleomono-
mers covalently coupled to each other by linkages (e.g.,
phosphodiesters) or substitute linkages.

Plant: is generally understood as meaning any eukaryotic
single- or multi-celled organism or a cell, tissue, organ, part
or propagation material (such as seeds or fruit) of same
which is capable of photosynthesis. Included for the purpose
of the invention are all genera and species of higher and
lower plants of the Plant Kingdom. Annual, perennial,
monocotyledonous and dicotyledonous plants are preferred.
The term includes the mature plants, seed, shoots and
seedlings and their derived parts, propagation material (such
as seeds or microspores), plant organs, tissue, protoplasts,
callus and other cultures, for example cell cultures, and any
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other type of plant cell grouping to give functional or
structural units. Mature plants refer to plants at any desired
developmental stage beyond that of the seedling. Seedling
refers to a young immature plant at an early developmental
stage. Annual, biennial, monocotyledonous and dicotyle-
donous plants are preferred host organisms for the genera-
tion of transgenic plants. The expression of genes is further-
more advantageous in all ornamental plants, useful or
ornamental trees, flowers, cut flowers, shrubs or lawns.
Plants which may be mentioned by way of example but not
by limitation are angiosperms, bryophytes such as, for
example, Hepaticae (liverworts) and Musci (mosses); Pteri-
dophytes such as ferns, horsetail and club mosses; gymno-
sperms such as conifers, cycads, ginkgo and Gnetatae; algae
such as Chlorophyceae, Phacophpyceae, Rhodophyceae,
Myxophyceae, Xanthophyceae, Bacillariophyceae (dia-
toms), and Euglenophyceae. Preferred are plants which are
used for food or feed purpose such as the families of the
Leguminosae such as pea, alfalfa and soya; Gramineae such
as rice, maize, wheat, barley, sorghum, millet, rye, triticale,
or oats; the family of the Umbelliferae, especially the genus
Daucus, very especially the species carota (carrot) and
Apium, very especially the species Graveolens dulce (cel-
ery) and many others; the family of the Solanaceae, espe-
cially the genus Lycopersicon, very especially the species
esculentum (tomato) and the genus Solanum, very especially
the species tuberosum (potato) and melongena (egg plant),
and many others (such as tobacco); and the genus Capsicum,
very especially the species annuum (peppers) and many
others; the family of the Leguminosae, especially the genus
Glycine, very especially the species max (soybean), alfalfa,
pea, lucerne, beans or peanut and many others; and the
family of the Cruciferae (Brassicacae), especially the genus
Brassica, very especially the species napus (oil seed rape),
campestris (beet), oleracea cv Tastie (cabbage), oleracea cv
Snowball Y (cauliflower) and oleracea cv Emperor (broc-
coli); and of the genus Arabidopsis, very especially the
species thaliana and many others; the family of the Com-
positae, especially the genus Lactuca, very especially the
species sativa (lettuce) and many others; the family of the
Asteraceae such as sunflower, Tagetes, lettuce or Calendula
and many other; the family of the Cucurbitaceae such as
melon, pumpkin/squash or zucchini, and linseed. Further
preferred are cotton, sugar cane, hemp, flax, chilies, and the
various tree, nut and wine species.

Polypeptide: The terms “polypeptide”, “peptide”, “oligo-
peptide”, “polypeptide”, “gene product”, “expression prod-
uct” and “protein” are used interchangeably herein to refer
to a polymer or oligomer of consecutive amino acid resi-
dues.

Primary transcript: The term “primary transcript” as used
herein refers to a premature RNA transcript of a gene. A
“primary transcript” for example still comprises introns
and/or is not yet comprising a polyA tail or a cap structure
and/or is missing other modifications necessary for its
correct function as transcript such as for example trimming
or editing.

Promoter: The terms “promoter”, or “promoter sequence”
are equivalents and as used herein, refer to a DNA sequence
which when ligated to a nucleotide sequence of interest is
capable of controlling the transcription of the nucleotide
sequence of interest into RNA. Such promoters can for
example be found in the following public databases gras-
sius.org/grasspromdb.html, mendel.cs.rhul.ac.uk/
mendel.php?topic=plantprom, ppdb.gene.nagoya-u.ac.jp/
cgi-bin/index.cgi. Promoters listed there may be addressed
with the methods of the invention and are herewith included
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by reference. A promoter is located 5' (i.e., upstream),
proximal to the transcriptional start site of a nucleotide
sequence of interest whose transcription into mRNA it
controls, and provides a site for specific binding by RNA
polymerase and other transcription factors for initiation of
transcription. Said promoter comprises for example the at
least 10 kb, for example 5 kb or 2 kb proximal to the
transcription start site. It may also comprise the at least 1500
bp proximal to the transcriptional start site, preferably the at
least 1000 bp, more preferably the at least 500 bp, even more
preferably the at least 400 bp, the at least 300 bp, the at least
200 bp or the at least 100 bp. In a further preferred
embodiment, the promoter comprises the at least 50 bp
proximal to the transcription start site, for example, at least
25 bp. The promoter does not comprise exon and/or intron
regions or 5' untranslated regions. The promoter may for
example be heterologous or homologous to the respective
plant. A polynucleotide sequence is “heterologous to” an
organism or a second polynucleotide sequence if it origi-
nates from a foreign species, or, if from the same species, is
modified from its original form. For example, a promoter
operably linked to a heterologous coding sequence refers to
a coding sequence from a species different from that from
which the promoter was derived, or, if from the same
species, a coding sequence which is not naturally associated
with the promoter (e.g. a genetically engineered coding
sequence or an allele from a different ecotype or variety).
Suitable promoters can be derived from genes of the host
cells where expression should occur or from pathogens for
this host cells (e.g., plants or plant pathogens like plant
viruses). A plant specific promoter is a promoter suitable for
regulating expression in a plant. It may be derived from a
plant but also from plant pathogens or it might be a synthetic
promoter designed by man. If a promoter is an inducible
promoter, then the rate of transcription increases in response
to an inducing agent. Also, the promoter may be regulated in
a tissue-specific or tissue preferred manner such that it is
only or predominantly active in transcribing the associated
coding region in a specific tissue type(s) such as leaves,
roots or meristem. The term “tissue specific” as it applies to
a promoter refers to a promoter that is capable of directing
selective expression of a nucleotide sequence of interest to
a specific type of tissue (e.g., petals) in the relative absence
of expression of the same nucleotide sequence of interest in
a different type of tissue (e.g., roots). Tissue specificity of a
promoter may be evaluated by, for example, operably link-
ing a reporter gene to the promoter sequence to generate a
reporter construct, introducing the reporter construct into the
genome of a plant such that the reporter construct is inte-
grated into every tissue of the resulting transgenic plant, and
detecting the expression of the reporter gene (e.g., detecting
mRNA, protein, or the activity of a protein encoded by the
reporter gene) in different tissues of the transgenic plant. The
detection of a greater level of expression of the reporter gene
in one or more tissues relative to the level of expression of
the reporter gene in other tissues shows that the promoter is
specific for the tissues in which greater levels of expression
are detected. The term “cell type specific” as applied to a
promoter refers to a promoter, which is capable of directing
selective expression of a nucleotide sequence of interest in
a specific type of cell in the relative absence of expression
of the same nucleotide sequence of interest in a different
type of cell within the same tissue. The term “cell type
specific” when applied to a promoter also means a promoter
capable of promoting selective expression of a nucleotide
sequence of interest in a region within a single tissue. Cell
type specificity of a promoter may be assessed using meth-
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ods well known in the art, e.g., GUS activity staining, GFP
protein or immunohistochemical staining. The term “con-
stitutive” when made in reference to a promoter or the
expression derived from a promoter means that the promoter
is capable of directing transcription of an operably linked
nucleic acid molecule in the absence of a stimulus (e.g., heat
shock, chemicals, light, etc.) in the majority of plant tissues
and cells throughout substantially the entire lifespan of a
plant or part of a plant. Typically, constitutive promoters are
capable of directing expression of a transgene in substan-
tially any cell and any tissue.

Promoter specificity: The term “specificity” when referring
to a promoter means the pattern of expression conferred by
the respective promoter. The specificity describes the tissues
and/or developmental status of a plant or part thereof, in
which the promoter is conferring expression of the nucleic
acid molecule under the control of the respective promoter.
Specificity of a promoter may also comprise the environ-
mental conditions, under which the promoter may be acti-
vated or down-regulated such as induction or repression by
biological or environmental stresses such as cold, drought,
wounding or infection.

Purified: As used herein, the term “purified” refers to mol-
ecules, either nucleic or amino acid sequences that are
removed from their natural environment, isolated or sepa-
rated. “Substantially purified” molecules are at least 60%
free, preferably at least 75% free, and more preferably at
least 90% free from other components with which they are
naturally associated. A purified nucleic acid sequence may
be an isolated nucleic acid sequence.

Recombinant: The term “recombinant” with respect to
nucleic acid molecules refers to nucleic acid molecules
produced by recombinant DNA techniques. Recombinant
nucleic acid molecules may also comprise molecules, which
as such does not exist in nature but are modified, changed,
mutated or otherwise manipulated by man. Preferably, a
“recombinant nucleic acid molecule” is a non-naturally
occurring nucleic acid molecule that differs in sequence
from a naturally occurring nucleic acid molecule by at least
one nucleic acid. A “recombinant nucleic acid molecule”
may also comprise a “recombinant construct” which com-
prises, preferably operably linked, a sequence of nucleic
acid molecules not naturally occurring in that order. Pre-
ferred methods for producing said recombinant nucleic acid
molecule may comprise cloning techniques, directed or
non-directed mutagenesis, synthesis or recombination tech-
niques.

“Seed-specific promoter” in the context of this invention
means a promoter which is regulating transcription of a
nucleic acid molecule under control of the respective pro-
moter in seeds wherein the transcription in any tissue or cell
of the seeds contribute to more than 90%, preferably more
than 95%, more preferably more than 99% of the entire
quantity of the RNA transcribed from said nucleic acid
sequence in the entire plant during any of its developmental
stage. The term “seed-specific expression” and “seed-spe-
cific NEENA” are to be understood accordingly. Hence a
“seed-specific NEENA” enhances the transcription of a
seed-specific or seed-preferential promoter in a way, that the
transcription in seeds derived from said promoter function-
ally linked to a respective NEENA contribute to more than
90%, preferably more than 95%, more preferably more than
99% of the entire quantity of the RNA transcribed from the
respective promoter functionally linked to a NEENA in the
entire plant during any of its developmental stage.
“Seed-preferential promoter” in the context of this invention
means a promoter which is regulating transcription of a
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nucleic acid molecule under control of the respective pro-
moter in seeds wherein the transcription in any tissue or cell
of the seeds contribute to more than 50%, preferably more
than 70%, more preferably more than 80% of the entire
quantity of the RNA transcribed from said nucleic acid
sequence in the entire plant during any of its developmental
stage. The term “seed-preferential expression” and “seed-
preferential NEENA” are to be understood accordingly.
Hence a “seed-preferential NEENA” enhances the transcrip-
tion of a seed-specific or seed-preferential promoter in a
way, that the transcription in seeds derived from said pro-
moter functionally linked to a respective NEENA contribute
to more than 50%, preferably more than 70%, more prefer-
ably more than 80% of the entire quantity of the RNA
transcribed from the respective promoter functionally linked
to a NEENA in the entire plant during any of its develop-
mental stage.

Sense: The term “sense” is understood to mean a nucleic
acid molecule having a sequence which is complementary or
identical to a target sequence, for example a sequence which
binds to a protein transcription factor and which is involved
in the expression of a given gene. According to a preferred
embodiment, the nucleic acid molecule comprises a gene of
interest and elements allowing the expression of the said
gene of interest.

Significant increase or decrease: An increase or decrease, for
example in enzymatic activity or in gene expression, that is
larger than the margin of error inherent in the measurement
technique, preferably an increase or decrease by about 2-fold
or greater of the activity of the control enzyme or expression
in the control cell, more preferably an increase or decrease
by about 5-fold or greater, and most preferably an increase
or decrease by about 10-fold or greater.

Substantially complementary: In its broadest sense, the term
“substantially complementary”, when used herein with
respect to a nucleotide sequence in relation to a reference or
target nucleotide sequence, means a nucleotide sequence
having a percentage of identity between the substantially
complementary nucleotide sequence and the exact comple-
mentary sequence of said reference or target nucleotide
sequence of at least 60%, more desirably at least 70%, more
desirably at least 80% or 85%, preferably at least 90%, more
preferably at least 93%, still more preferably at least 95% or
96%, yet still more preferably at least 97% or 98%, yet still
more preferably at least 99% or most preferably 100% (the
later being equivalent to the term “identical” in this context).
Preferably identity is assessed over a length of at least 19
nucleotides, preferably at least 50 nucleotides, more prefer-
ably the entire length of the nucleic acid sequence to said
reference sequence (if not specified otherwise below).
Sequence comparisons are carried out using default GAP
analysis with the University of Wisconsin GCG, SEQWEB
application of GAP, based on the algorithm of Needleman
and Wunsch (Needleman and Wunsch (1970) J. Mol. Biol.
48: 443-453; as defined above). A nucleotide sequence
“substantially complementary” to a reference nucleotide
sequence hybridizes to the reference nucleotide sequence
under low stringency conditions, preferably medium strin-
gency conditions, most preferably high stringency condi-
tions (as defined above).

Transgene: The term “transgene” as used herein refers to any
nucleic acid sequence, which is introduced into the genome
of a cell by experimental manipulations. A transgene may be
an “endogenous DNA sequence,” or a “heterologous DNA
sequence” (i.e., “foreign DNA”). The term “endogenous
DNA sequence” refers to a nucleotide sequence, which is
naturally found in the cell into which it is introduced so long
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as it does not contain some modification (e.g., a point
mutation, the presence of a selectable marker gene, etc.)
relative to the naturally-occurring sequence.

Transgenic: The term transgenic when referring to an organ-
ism means transformed, preferably stably transformed, with
a recombinant DNA molecule that preferably comprises a
suitable promoter operatively linked to a DNA sequence of
interest.

Vector: As used herein, the term “vector” refers to a nucleic
acid molecule capable of transporting another nucleic acid
molecule to which it has been linked. One type of vector is
a genomic integrated vector, or “integrated vector”, which
can become integrated into the chromosomal DNA of the
host cell. Another type of vector is an episomal vector, i.e.,
a nucleic acid molecule capable of extra-chromosomal rep-
lication. Vectors capable of directing the expression of genes
to which they are operatively linked are referred to herein as
“expression vectors”. In the present specification, “plasmid”
and “vector” are used interchangeably unless otherwise clear
from the context. Expression vectors designed to produce
RNAs as described herein in vitro or in vivo may contain
sequences recognized by any RNA polymerase, including
mitochondrial RNA polymerase, RNA pol I, RNA pol I1, and
RNA pol III. These vectors can be used to transcribe the
desired RNA molecule in the cell according to this inven-
tion. A plant transformation vector is to be understood as a
vector suitable in the process of plant transformation.
Wild-type: The term “wild-type”, “natural” or “natural ori-
gin” means with respect to an organism, polypeptide, or
nucleic acid sequence, that said organism is naturally occur-
ring or available in at least one naturally occurring organism
which is not changed, mutated, or otherwise manipulated by
man.

The contents of all references cited throughout this appli-
cation are herewith incorporated by reference in general and
with respect to their specific disclosure content referred to
above.

FIGURES

FIG. 1: Schematical figure of the different enzymatic
activities leading to the production of ARA, EPA and DHA.

FIG. 2 Strategy employed for stepwise buildup of plant
expression plasmids of the invention. A detailed description
is given in example 4. Abbreviations: Nco I, Pac I, Kas I, Sfo
I, Fse I, Sbf I, Xma I, Not I indicate restriction endonu-
cleases used for cloning; attLx and attRx—where x are
numbers from 1 to 4—designate attachment sites for site
specific recombination of the Multisite Gateway™ System
(Invitrogen); pENTR_A, pENTR_B, pENTR_C are Multi-
site Gateway™ System-Entry-vectors; Kan (Kanaycin) and
Strep (Streptinomycin) designate antibiotic selection mark-
ers used for cloning; on-origin of replication.

FIG. 3 Orientation and combination of the functional
elements (promoter, NEENA, gene, terminator) of the plant
expression vecotrs VC-LIB913-1qcz  (SEQ-ID  38),
VC-LIB1327-1qcz (SEQ-ID 39), VC-LIB2003-1qcz (SEQ-
1D 40) and VC-LIB2197-1qcz (SEQ-ID 146).
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EXAMPLES

Example 1
General Cloning Methods

Cloning methods as e.g. use of restriction endonucleases
to cut double stranded DNA at specific sites, agarose gel
electrophoreses, purification of DNA fragments, transfer of
nucleic acids onto nitrocellulose and nylon membranes,
joining of DNA-fragments, transformation of E. coli cells
and culture of bacteria where performed as described in
Sambrook et al. (1989) (Cold Spring Harbor Laboratory
Press: ISBN 0-87965-309-6). Polymerase chain reaction
was performed using Phusion™ High-Fidelity DNA Poly-
merase (NEB, Frankfurt, Germany) according to the manu-
factures instructions. In general, primers used in PCR were
designed such, that at least 20 nucleotides of the 3' end of the
primer anneal perfectly with the template to amplify.
Restriction site were added by attaching the corresponding
nucleotides of the recognition sites to the 5' end of the
primer. Fusion PCR, for example described by K. Heckman
and L. R. Pease, Nature Protocols (2207) 2, 924-932 was
used as an alternative method to join two fragments of
interest, e.g. a promoter to a gene or a gene to a terminator.

Example 2
Sequence Analysis of Recombinant DNA

Sequencing of recombinant DNA-molecules was per-
formed using a laser-fluorescence DNA sequencer (Applied
Biosystems Inc, USA) employing the sanger method
(Sanger et al. (1977) Proc. Natl. Acad. Sci. USA 74, 5463-
5467). Expression constructs harboring fragments obtained
by polymerase chain reactions (PCR) were subjected to
sequencing to confirm the correctness of expression cas-
settes consisting of promoter, nucleic acid molecule to be
expressed and terminator to avoid mutations that might
result from handling of the DNA during cloning, e.g. due to
incorrect primers, mutations from exposure to UV-light or
errors of polymerases.

Example 3

Identification of Nucleic Acid Expression
Enhancing Nucleic Acids (NEENA) from Genes
with Seed Preferred Expression

3.1 Identification of NEENA Molecules from A. thaliana
Genes

Using publicly available genomic DNA sequences (e.g.
ncbi.nlm.nih.gov/genomes/PLANTS/PlantList.html)  and
transcript expression data (e.g. weigelworld.org/resources/
microarray/AtGenExpress/), a set of 19 NEENA candidates
deriving from Arabidopsis thaliana transcripts with seed
preferred expression was selected for detailed analyses. The
candidates were named as follows:

TABLE 1

seed specific NEENA candidates (NEENAsSs).

NEENA SEQ ID
name Locus Annotation No
NEENAss1 Atlg62290  aspartyl protease family protein 6
NEENAss2 Atlg65090  expressed protein 7
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TABLE 1-continued

48

seed specific NEENA candidates (NEENAss).

NEENA SEQ ID

name Locus Annotation No

NEENAss15 At2g27040  PAZ domain-containing protein 9

NEENAss18 Atlg01170  ozone-responsive stress-related protein, 10
putative

NEENAss14 At5g63190  MA3 domain-containing protein 8

NEENAss4 At5g07830  glycosyl hydrolase family 79 N-terminal 11
domain-containing protein similar to beta-
glucuronidase AtGUS2

NEENAss13 At2g04520  eukaryotic translation initiation factor 1A, 12
putative/elF-1A

NEENAss3 At5g60760  2-phosphoglycerate kinase-related 13

NEENAssS Atlgll170  expressed protein contains Pfam profile 14
PF05212

NEENAss11 At4g37050  PLA V/PLP4 (Patatin-like protein 4) 15

NEENAss8 Atlg56170  HAP5B (Heme activator protein (yeast) 16
homolog 5B)

NEENAss16 Atlg54100  aldehyde dehydrogenase, putative/ 17
antiquitin

NEENAss9 At3g12670  CTP synthase, putative/UTP--ammonia 18
ligase, putative

NEENAss20 At4g04460  aspartyl protease family protein 19

NEENAss10 Atlg04120  ATMRPS (drabidopsis thaliana multidrug 20
resistance-associated protein 5)

NEENAss6 At2g41070  basic leucine zipper transcription factor 21
(BZIP12)

NEENAss12 Atlg05450  protease inhibitor/seed storage/lipid transfer 22
protein (LTP)-related

NEENAss7 At4g03050  2-oxoglutarate-dependent dioxygenase, 23
putative (AOP3)

NEENAss17 At3g12490  cysteine protease inhibitor, putative/cystatin 24

3.2 Isolation of the NEENA Candidates

Genomic DNA was extracted from A. thaliana green
tissue using the Qiagen DNeasy Plant Mini Kit (Qiagen,
Hilden, Germany). Genomic DNA fragments containing
NEENA molecules were isolated by conventional poly-
merase chain reaction (PCR). Primers were designed on the
basis of the 4. thaliana genome sequence with a multitude

35

of NEENA candidates. The reaction comprised 19 sets of
primers (Table 2) and followed the protocol outlined by
Phusion High Fidelity DNA Polymerase (Cat No F-540L,
New England Biolabs, Ipswich, Mass., USA). The isolated
DNA was used as template DNA in a PCR amplification
using the following primers:

TABLE 2

Primer gequencesg for isolation of NEENAg

PCR yielding

Primer name Sequence SEQ ID No SEQ ID No
NEENAssl for tggtgcttaaacactctggtgagt 42 6
NEENAssl_rev tttgacctacaaaatcaaagcagtca 43

NEENAss2_ for agttctttgectttcgaagttge 44 7
NEENAss2_rev tactacgtactgttttcaattct 45
NEENAss3_for atttccacacgctttctatcattte 46 13
NEENAss3_rev ttatctctctctaaaaaataaaaacgaatc 47
NEENAss4_for gtccagaattttcteccattga 48 11
NEENAss4_rev tcttcactatccaaagctctea 49
NEENAss5_for gtctactttcattacagtgactctg 50 14
NEENAss5_rev ttatattttacctgcaacacaattcaa 51
NEENAssé6_for cactcgaatactgcatgcaa 52 21
NEENAss6_rev ttatgtagcctttacacagaaaacaa 53
NEENAss7_for aacaactatggcctgagggt 54 23
NEENAss7_rev ttatcttactgtttttaaccaaaaaataaaat 55
NEENAss8_for atcttagggtttcgcgagatctca 56 16
NEENAss8_rev tgctaagctatctctgttaatataaaattyg 57

NEENAss9 for atttttgttggtgaaaggtaga 58 18
NEENAss9_rev ttacgtttttgtectcetgettettet 59
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TABLE 2-continued

50

Primer sequences for isolation of NEENAg

PCR yielding

Primer name Sequence SEQ ID No SEQ ID No
NEENAss10_ for tctgggaaatatcgattttgatcet 60 20
NEENAssl10_rev tctcaccacatcccaaagete 61
NEENAssll for gcacaatcttagcttaccttgaa 62 15
NEENAssll rev ttatttaatccacaagccttgecte 63
NEENAssl2 for tgtcggagaagtgggeg 64 22
NEENAssgl2-rev agaagtgggcggacg 65
NEENAss13_for tagcttaatctcagattcgaatcgt 66 12
NEENAssl13_rev tagtatctacataccaatcatacaaatyg 67
NEENAss14 for tttcacgatttggaatttga 68 8
NEENAssl4_rev tctacaacattaaaacgaccatta 69
NEENAss1l5 for agggtttcgtttttgtttca 70 9
NEENAssl5_ rev ttatctcecctgctcaaagaaacca 71
NEENAsslé_for agaagctcatttcttegatac 72 17
NEENAsslé_rev tctctgcgcaaaaattcacce 73
NEENAssl7_ for tctaaaaatacagggcacc 74 24
NEENAssl7_rev ttactcttcgttgcagaagcecta 75
NEENAss18 for actgtttaagcttcactgtet 76 10
NEENAssl18_rev tttcttctaaagctgaaagt 77
NEENAss20_for ttaagcttttaagaatctctactcaca 78 19
NEENAss20_rev ttaaattttacctgtcatcaaaaacaaca 79

Amplification during the PCR was carried out with the

following composition (50 microl):

3.00 microl A. thaliana genomic DNA

10.00 microl 5x Phusion HF Buffer

4.00 microl ANTP (2.5 mM)

2.50 microl for Primer (10 microM)

2.50 microl rev Primer (10 microM)

0.50 microl Phusion HF DNA Polymerase (2 U/microl)

A touch-down approach was employed for the PCR with
the following parameters: 98.0° C. for 30 sec (1 cycle), 98.0°
C. for 30 sec, 56.0° C. for 30 sec and 72.0° C. for 60 sec (4
cycles), 4 additional cycles each for 54.0° C., 51.0° C. and
49.0° C. annealing temperature, followed by 20 cycles with
98.0° C. for 30 sec, 46.0° C. for 30 sec and 72.0° C. for 60
sec (4 cycles) and 72.0° C. for 5 min. The amplification
products was loaded on a 2% (w/v) agarose gel and sepa-
rated at 80V. The PCR products were excised from the gel
and purified with the Qiagen Gel Extraction Kit (Qiagen,
Hilden, Germany). The purified PCR products were cloned
into the pCR2.1 TOPO (Invitrogen) vector according to the
manufacturer’s manual and subsequently sequenced. These
plasmids served as source for further cloning steps or as
template for further PCR, e.g. fusion PCR for fusion with
promoters as described in example 4.

Example 4

Assembly of Genes Required for PUFA Synthesis
within a T-Plasmid

For synthesis of LC-PUFA in Brassica napus seeds, the
set of genes encoding the proteins of the metabolic LC-
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PUFA pathway (table 3) was combined with expression
elements (promoter, terminators, NEENAs, table 5) and
transferred into binary t-plasmids that were used for agro-
bacteria mediated transformation of plants as described in
example 5. To this end, the general cloning strategy depicted
in FIG. 2 was employed: Genes listed in table 3 were
PCR-amplified using Phusion™ High-Fidelity DNA Poly-
merase (NEB, Frankfurt, Germany) according to the manu-
factures instructions from cDNA using primer introducing a
Nco I and/or Asc 1 restriction site at the 5' terminus, and a
Pac 1 restriction site at the 3' terminus (FIG. 2A). Promoter-
terminator modules or promoter-NEENA-terminator mod-
ules were created by joining the corresponding expression
elements listed in table 2 using fusion PCR as described in
example 1 and cloning the PCR-product into the TOPO-
vector pCR2.1 (Invitrogen) according to the manufactures
instructions (FIG. 2B). As a non limiting example, primer
combinations are listed in table 6 were used to create fusions
of promoter-NEENAs harbored by the plasmid
VC-LIB2003-1qcz (SEQ-ID 40) and VC-LIJB2197-1qcz
(SEQ-ID 146) containing the required set of pathway genes
to synthesize arachidonic acid in seeds of rapeseed. While
joining terminator sequences to promoter sequences or pro-
moter-NEENA sequences using fusion PCR, primers were
designed such, that recognition sequences for the restriction
endonucleases depicted in FIG. 2 were added to either side
of the modules, and the recognition sites for the restriction
endonucleases Nco I, Asc 1 and Pac 1 were introduced
between promoter and terminator or between NEENA and
terminator (see FIG. 2B). To obtain the final expression
modules, PCR-amplified genes were cloned between pro-
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moter and terminator or NEENA and terminator via Nco [
and/or Pac I restriction sites (FIG. 2C). Employing the
custom multiple cloning site (MCS) SEQ-ID 41, up to

52
TABLE 3

Genes used for synthesi

of 20:4n — 6 (ARA) in rapeseed.

three of those expression modules were combined as desired s Gene Source Organism Activity SEQ-ID
to expression cassettes harbored by either one of pENTR/A, d12Des(Ps_GA)  Phytophtora sojae A 12-Desaturase 05
pENTR/B or pENTR/C (FIG. 2D). Deviating from the déDes(Ot__febit) Ostreococcus tauri A 6-Desaturase 96
: : L d6Des(Ot_GA2 Ostreococcus tauri A 6-Desaturase 97
strategy dePlCted m FI,G - 2, some eleI,nentS 01‘. ] oined d6DesEPirﬁGAI; Pythium irvegulare A 6-Desaturase 98
elements were synthe51zed by a service pr0V1der or d6Elo(Pp_GA2) Physcomitrella patens A 6-Elongase 99
cloned using blunt-end ligation. Finally, the Multisite Gate- 10 d6Elo(Tp_GA2)  Thalassiosira A 6-Elongase 100
way™ System (Invitrogen) was used to combine pseudonana
d5Des(Tc__GA2) Thraustochytrium ssp. A 5-Desaturase 101
three expression cassette harbored by pENTR/A, pENTR/B
and pENTR/C (FIG. 2E) to obtain the final binary pSUN
T-plasmids VC-LIB913-1qcz (SEQ-ID 38), VC-LIB1327- TABLE 4
1gcz (SEQ-ID 39) and VC-LIB2003-1qcz (SEQ-ID 40)
. . Genes used in addition to genes listed in table
and VC-LIB2197-1qcz (SEQ-ID 146). The orientation and | for synthesis of 22:6a — 3g(DHA) 10 rapeseed.
combination of the functional elements (promoter,
NEENA, gene, terminator) is depicted in FIGS. 3A, 3B, 3C 20 Gene Source Organism Activity SEQID
and 3D. An overview of binary vectors and their usage is d5Elo(Ot_GA3)  Ostreococcus tauri A 5-Elongase 102
. . . d4Des(Tc__GA3) Traustochytrium ssp. A 4-Desaturase 103
given by Hellens et al, Trends in Plant Science (2000) 5:
446-451.
TABLE 5
Expression elements used for synthesis of 20:4n —
6 (ARA) or 22:6n — 3 (DHA) in rapeseed
Element Source Organism Function SEQ-ID
p-VISBP- Vicia faba; Promotor + NEENA 1
NEENAssl  Arabidopsis
p-BnNapin-  Brassica napus; Promotor + NEENA 2
NEENAss2  Arabidopsis
p-LuCnl- Linum usitatissimums; Promotor + NEENA 3
NEENAss14  Arabidopsis
p-LuPxr- Linum usitatissimums; Promotor + NEENA 4
NEENAss15  Arabidopsis
p-VIUSP- Vicia faba; Promotor + NEENA 5
NEENAss18 Arabidopsis
p-VISBP- Vicia faba, Promoter + NEENA 147
NEENAss2  Arabidopsis
p-LuPxr- Linum usitatissimum, Promoter + NEENA 148
NEENAssl  Arabidopsis
p-BnNapin-  Brassica napus, Promoter + NEENA 149
NEENAss14  Arabidopsis
NEENAssl  Arabidopsis NEENA from locus At1g62290 6
(aspartyl protease family protein)
NEENAss2  Arabidopsis NEENA from locus At1g65090 7
(expressed protein)
NEENAss14  Arabidopsis NEENA from locus At5g63190 8
(MA3 domain-containing protein)
NEENAss15  Arabidopsis NEENA from locus At2g27040 9
(PAZ domain-containing protein)
NEENAss18 Arabidopsis NEENA from locus Atlg01170 10
(ozone-responsive stress-related
protein, putative)
NEENAss4  Arabidopsis NEENA from locus At5g07830 11
(glycosyl hydrolase family 79 N-
terminal domain-containing
protein similar to beta-
glucuronidase AtGUS2)
NEENAss13  Arabidopsis NEENA from locus At2g04520 12
(eukaryotic translation initiation
factor 1A, putative/eIF-1A)
NEENAss3  Arabidopsis NEENA from locus At5g60760 (2- 13
phosphoglycerate kinase-related)
NEENAss5  Arabidopsis NEENA from locus Atlgl1170 14
(expressed protein contains Pfam
profile PF05212)
NEENAssll Arabidopsis NEENA from locus At4g37050 15

(PLA V/PLP4 (Patatin-like
protein 4))
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TABLE 5-continued

Expression elements used for synthesis of 20:4n —
6 (ARA) or 22:6n — 3 (DHA) in rapeseed

Element Source Organism Function SEQ-ID

NEENAss®  Arabidopsis NEENA from locus Atlg56170 16
(HAPSB (Heme activator protein
(yeast) homolog 5B))

NEENAss16  Arabidopsis NEENA from locus At1g54100 17
(aldehyde dehydrogenase,
putative/antiquitin)

NEENAss9  Arabidopsis NEENA from locus At3gl12670 18

(CTP synthase, putative/UTP--
ammonia ligase, putative)

NEENAss20  Arabidopsis NEENA from locus At4g04460 19
(aspartyl protease family protein)
NEENAss10  Arabidopsis NEENA from locus At1g04120 20

(ATMRPS5 (Arabidopsis thaliana
multidrug resistance-associated
protein 5))
NEENAss6  Arabidopsis NEENA from locus At2g41070 21
(basic leucine zipper
transcription factor (BZIP12))
NEENAss12 Arabidopsis NEENA from locus At1g05450 22
(protease inhibitor/seed
storage/lipid transfer protein
(LTP)-related)
NEENAss7  Arabidopsis NEENA from locus At4g03050 (2- 23
oxoglutarate-dependent
dioxygenase, putative (AOP3))

NEENAss17  Arabidopsis NEENA from locus At3g12490 24
(cysteine protease inhibitor,
putative/cystatin)

p-BnNapin  Brassica napus Promotor 25

p-LuCnl Linum usitatissimum Promotor 26

p-LuPXR Linum usitatissimum Promotor 27

p-VISBP Vicia faba Promotor 28

p-VIUSP Vicia faba Promotor 29

p-ViLeB4 Vicia faba Promotor 30

t-AtPXR Arabidopsis Terminator 31

t-CaMV35S CaMV Terminator 32

t-E9 Pisum sativum Terminator 33

t-AgrOCS Agrobacterium tumefaciens Terminator 34

t-PvArc Phaseolus vulgaris Terminator 35

t-StCat Solanum tuberosum Terminator 36

t-V{LeB3 Vicia faba Terminator 37

TABLE 6

Primers used for creation of fusions between promotor and NEENA
elements using fusion PCR as described in example 1.

Promoter/NEENA Primer pair 1. PCR Primer pair 1. PCR Primer pair 2. PCR

cassette Promoter NEENA Promotor -NEENA

p-VESBP- Forw: Forw: Forw:

NEENAss1l tcgacggccceggactgta attaatagagcgatcaag tcgacggccceggactgta
tccaac ctgaactggtgcttaaaca tccaac
(SEQ-ID No: 80) ctctggtgagt (SEQ-ID No: 80)
Rev: (SEQ-ID No: 82) Rev:
actcaccagagtgtttaag Rev: tttgacctacaaaatcaaa
caccagttcagettgatceg tttgacctacaaaatcaaa gcagtca
ctctattaat gcagtca (SEQ-ID No: 43)
(SEQ-ID No: 81) (SEQ-ID No: 43)

p-BnNapin- Forw: Forw: Forw:

NEENAss2 taaggatgacctacccatt tcaatacaaacaagatta taaggatgacctacccatt
cttga aaaacaagttctttgettte cttga
(SEQ-ID No: 83) gaagttgc (SEQ-ID No: 83)
Rev: (SEQ-ID No: 85) Rev:
gcaacttcgaaagcaaa Rev: tactacgtactgttttcaatt
gaacttgtttttaatcttgtttg tactacgtactgttttcaatt ct
tattga ct (SEQ-ID No: 45)

(SEQ-ID No: 84) (SEQ-ID No: 45)
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TABLE 6-continued

Primers used for creation of fusions between promotor and NEENA

elements using fusion PCR as described in example 1.

Promoter/NEENA Primer pair 1. PCR

Primer pair 1. PCR

Primer pair 2. PCR

cassette Promoter NEENA Promotor -NEENA

p-LuCnl- Forw: Forw: Forw:

NEENAss14 ttagcagatatttggtgtcta aaagaaccaatcaccac ttagcagatatttggtgtcta
aat caaaaaatttcacgatttyg aat
(SEQ-ID No: 86) gaatttga (SEQ-ID No: 86)
Rev: (SEQ-ID No: 88) Rev:
tcaaattccaaatcgtgaa Rev: tctacaacattaaaacga
attttttggtggtgattggtte tctacaacattaaaacga ccatta
ttt ccatta (SEQ-ID No: 69)
(SEQ-ID No: 87) (SEQ-ID No: 69)

p-LuPxr- Forw: Forw: Forw:

NEENAssl5 cacgggcaggacatagg aaaccgacatttttatcata cacgggcaggacatagg
gactact aatcagggtttegtttttgttt gactact
(SEQ-ID No: 89) ca (SEQ-ID No: 89)
Rev: (SEQ-ID No: 91) Rev:
tgaaacaaaaacgaaac Rev: ttatctcctgectcaaagaa
c ttatctectgctcaaagaa acca
ctgatttatgataaaaatgt acca (SEQ-ID No: 71)
cggttt (SEQ-ID No: 71)
(SEQ-ID No: 90)

p-VEUSP- Forw: Forw: Forw:

NEENAss18 ctgcagcaaatttacacat gattataatttcttcatagce ctgcagcaaatttacacat
tgcca agtactgtttaagcttcact tgcca
(SEQ-ID No: 92) gtct (SEQ-ID No: 92)
Rev: (SEQ-ID No: 94) Rev:
agacagtgaagcttaaac Rev: tttecttctaaagctgaaagt
agtactggctatgaagaa tttcttctaaagctgaaagt (SEQ-ID No: 77)
attataatc (SEQ-ID No: 77)
(SEQ-ID No: 93)

p-VESBP- Forw: Forw: Forw:

NEENAss2 Tcgacggcccggactgt Attaatagagcgatcaag Tcgacggcccggactgt
atccaac ctgaacagttctttgettteg atccaac
(SEQ-ID No: 80) aagttgce (SEQ-ID No: 80)
Rev: (SEQ-ID No: 151) Rev:
Gcaacttcgaaagcaaa Rev: Tactacgtactgttttcaatt
gaactgttcagcttgatcg Tactacgtactgttttcaatt ct
ctctattaat ct (SEQ-ID No: 45)
(SEQ ID No: 150) (SEQ-ID No: 45)

p-LuPxr- Forw: Forw: Forw:

NEENAss1l Cacgggcaggacatag aaaccgacatttttatcata Cacgggcaggacatag
ggactact aatctggtgcttaaacact ggactact
(SEQ-ID No: 89) ctggtgagt (SEQ-ID No: 89)
Rev: (SEQ-ID No: 153) Rev:
Actcaccagagtgtttaag Rev: tggtgcttaaacactctggt
caccagatttatgataaaa tggtgcttaaacactctggt gagt
atgtcggttt gagt (SEQ-ID No: 42)
(SEQ ID No: 152) (SEQ-ID No: 42)

p-BnNapin- Forw: Forw: Forw:

NEENAss14 taaggatgacctacccatt tcaatacaaacaagatta taaggatgacctacccatt
cttga aaaacatttcacgatttgg cttga
(SEQ-ID No: 83) aatttga (SEQ-ID No: 83)
Rev: (SEQ-ID No: 155) Rev:
tcaaattccaaatcgtgaa Rev: tctacaacattaaaacga

atgtttttaatcttgtttgtatt
ga
(SEQ_ID No: 154)

tctacaacattaaaacga
ccatta
(SEQ_ID No: 69)

ccatta
(SEQ ID No: 69)
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required for the expression of the genes listed in table 4.
Promoters used in those expression modules can be SEQ-ID
No. 25, 26, 27, 28, 29 and/or 30, NEENAs can be any or

65 hone of SEQ-ID No. 6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, and (or 24, and terminators can be
SEQ-ID No. 31, 32, 33, 34, 35, 36 and 37.

Binary T-plasmids harboring functional expression mod-
ules for synthesis of docosahexaenoic acid (DHA) in rape-
seed can be obtained in a similar manner. To this end, in
addition to the functional modules (promoter-gene-termina-
tor and/or promoter-NEENA-gene-terminator) described for
synthesis ARA, constructs also contain functional modules
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Example 5

Production of Transgenic Plants

a) Generation of Transgenic Rape Seed Plants (Amended
Protocol According to Moloney et al. 1992, Plant Cell
Reports, 8:238-242)

For the generation of transgenic rapeseed plants, the
binary vectors described in example 3 were transformed into
Agrobacterium tumefaciens C58C1:pGV2260 (Deblaere et
al. 1984, Nucl. Acids. Res. 13: 4777-4788). For the trans-
formation of rapeseed plants (cv. Kumily,) a 1:50 dilution of
an overnight culture of positive transformed acrobacteria
colonies grown in Murashige-Skoog Medium (Murashige
and Skoog 1962 Physiol. Plant. 15, 473) supplemented by
3% saccharose (3MS-Medium) was used. Petiols or Hypo-
cotyledones of sterial rapeseed plants were incubated in a
petri dish with a 1:50 acrobacterial dilusion for 5-10 min-
utes. This was followed by a tree day co-incubation in
darkness at 25° C. on 3MS-Medium with 0.8% bacto-Agar.
After three days the culture was put on to 16 hours light/8
hours darkness weekly on MS-medium containing 500 mg/1
Claforan (Cefotaxime-Natrium), 100 nM Imazetapyr, 20
mikroM Benzylaminopurin (BAP) and 1.6 g/l Glucose.
Growing sprouts were transferred to MS-Medium contain-
ing 2% saccharose, 250 mg/l Claforan and 0.8% Bacto-
Agar. Even after three weeks no root formation was
observed, a growth hormone 2-Indolbutyl acid was added to
the medium for enhancing root formation.

Regenerated sprouts have been obtained on 2MS-Medium
with Imazetapyr and Claforan and were transferred to the
green house for sprouting. After flowering, the mature seeds
were harvested and analysed for expression of the Desatu-
rase gene via lipid analysis as described in Qui et al. 2001,
J. Biol. Chem. 276, 31561-31566.

b) Production of Transgenic Flax Plants

The production of transgenic flax plants can be carried out
according to the method of Bell et al., 1999, In Vitro Cell.
Dev. Biol. Plant 35(6):456-465 using particle bombardment.
Acrobacterial transformation could be carried out according
to Mlynarova et al. (1994), Plant Cell Report 13: 282-285.

Example 6
Lipid Extraction and Lipid Analysis of Plant Oils

The results of genetic modifications in plants or on the
production of a desired molecule, e.g. a certain fatty acid,
can be determined by growing the plant under suitable
conditions, e.g. as described below, and analysing the
growth media and/or the cellular components for enhanced
production of the desired molecule, e.g. lipids or a certain
fatty acid. Lipids can be extracted as described in the
standard literature including Ullman, Encyclopedia of
Industrial Chemistry, Bd. A2, S. 89-90 und S. 443-613,
VCH: Weinheim (1985); Fallon, A., et al., (1987) “Appli-
cations of HPLC in Biochemistry” in: Laboratory Tech-
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niques in Biochemistry and Molecular Biology, Bd. 17;
Rehm et al. (1993) Biotechnology, Bd. 3, Kapitel III: “Prod-
uct recovery and purification”, S. 469-714, VCH: Weinheim;
Belter, P. A., et al. (1988) Bioseparations: downstream
processing for Biotechnology, John Wiley and Sons; Ken-
nedy, J. F., und Cabral, J. M. S. (1992) Recovery processes
for biological Materials, John Wiley and Sons; Shaeiwitz, J.
A., und Henry, J. D. (1988) Biochemical Separations, in:
Ullmann’s Encyclopedia of Industrial Chemistry, Bd. B3;
Kapitel 11, S. 1-27, VCH: Weinheim; und Dechow, F. J.
(1989) Separation and purification techniques in biotechnol-
ogy, Noyes Publications.

Alternatively, extraction will be carried out as described
in Cahoon et al. (1999) Proc. Natl. Acad. Sci. USA 96
(22):12935-12940, und Browse et al. (1986) Analytic Bio-
chemistry 152:141-145. Quantitative and qualitative analy-
sis of lipids or fatty acids are described in Christie, William
W., Advances in Lipid Methodology, Ayr/Scotland: Oily
Press (Oily Press Lipid Library; 2); Christie, William W.,
Gas Chromatography and Lipids. A Practical Guide—Ayr,
Scotland: Oily Press, 1989, Repr. 1992, IX, 307 S. (Oily
Press Lipid Library; 1); “Progress in Lipid Research,
Oxford: Pergamon Press, 1 (1952)-16 (1977) u.d.T.: Prog-
ress in the Chemistry of Fats and Other Lipids CODEN.

The binary T-plasmids described in example 4 were
transformed into rapeseed (Brassica napus) as described in
example 5. After selection of transgenic plants using PCR,
plats were grown until development of mature seeds (Day/
night cycle: 16 h at 200 mE and 21° C., 8 h at darkness and
19° C.). Fatty acids from harvested seeds were extracted and
analysed using gas chromatography. Based on the analysed
lipids, the effect of the NEENAs on expression of desatu-
rases and elongases can be determined since the lipid pattern
of successfully transformed plant seeds will differ from the
pattern of control plant seeds, e.g. of plants expressing a set
of desaturases and elongases without the enhancing effect of
NEENAs. Table 7 shows results of single seed measure-
ments of the five best performing transgenic lines obtained
for each binary T-plasmid. Table 8 shows the nomenclature
for the fatty acids listed in the header of table 3.

Surprisingly, transgenic plants obtained from transforma-
tions with construct VC-VC-LIB1327-1qcz (SEQ-ID 39)
VC-LIB2003-1qcz (SEQ-ID 40) and VC-LIJB2197-1qcz
(SEQ-ID 146) showed a much higher ARA to GLA ratio
compared to plants transformed with VC-LIB913-1qcz
(SEQ-ID 38) and was highest for plants transformed with
VC-LIJB2003-1qcz (ARA:GLA ratio of up to 53.3). Such a
ratio is beneficial if GLA is not desired. Even more surpris-
ing was that plants of constructs VC-LIB2003-1qcz and
VC-LJB2197-1qgcz (incorporating NEENAs) reached higher
ARA levels than VC-LIB913-1qcz and VC-LIB1327-1qcz
(maximal for VC-LIB913-1qcz: 25.6%; VC-LIB1327-1qcz:
22%, VC-LIB2003-1qcz: 28.7% and for VC-LIBV2197-
1qcz: 33.1%), despite removal of the expression module
expressing the enzyme d6Des(Pir_GAI) compared to
VC-LJB913-1qcz transformed plants.

TABLE 7

Gaschromatographical anaylsis of the fatty acid composition of seedoil from transgenic rapeseed plants.

Sample name 16:0 16:1n-7 16:3n-3 18:0 18:1n-9 18:2n-9 18:2n-6 18:3n-6 18:3n-3 18:4n-3 20:0 20:1n-9 20:2n-6
LIB2197_169_37 2.9 0.0 0.0 2.0 17.9 0.9 25.1 1.2 3.8 0.0 0.5 0.7 2.5
LIB2197_169_5 3.2 0.0 0.0 2.0 16.3 1.2 25.8 2.1 4.5 0.2 0.6 0.6 1.5
LIB2197_169_11 3.0 0.0 0.0 2.1 175 0.9 27.6 1.6 4.1 0.0 0.6 0.6 1.5
LIB2197_169_51 3.1 0.0 0.0 2.2 175 0.9 27.6 1.6 4.1 0.0 0.6 0.6 1.5
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TABLE 7-continued

Gaschromatographical anaylsis of the fatty acid composition of seedoil from transgenic rapeseed plants.

LIB2197_169_9 34 0.0 0.0 2.2 18.3 1.9 259 3.1 4.0 0.2 0.6
LIB2197_169_22 3.2 0.0 0.0 2.4 17.7 0.7 285 1.7 3.6 0.2 0.7
LIB2197_169_36 3.5 0.0 0.0 2.3 17.1 0.6 29.5 1.5 3.8 0.2 0.7
LIB2197_169_40 34 0.0 0.0 2.4 18.2 1.2 28.6 2.8 34 0.2 0.7
LIB2197_169_42 3.5 0.0 0.0 21 18.4 0.7 272 1.5 4.3 0.2 0.6
LIB2197_169_26 3.7 0.0 0.0 2.3 19.3 1.3 274 2.7 4.0 0.3 0.7
LIB2197_169_61 3.7 0.0 0.0 2.7 20.1 1.1 285 2.2 3.2 0.2 0.8
LIB2197_169_14 33 0.0 0.0 1.7 18.0 0.7 30.9 1.5 4.9 0.2 0.6
LIB2197_169_16 33 0.0 0.0 2.2 20.3 0.7 283 1.2 4.5 0.1 0.7
LIB2197_169_65 3.7 0.1 0.0 2.7 20.1 1.2 29.1 23 3.8 0.2 0.7
LIB2197_169_7 3.1 0.0 0.0 2.3 18.6 0.5 30.1 1.1 4.1 0.1 0.7
LIB2197_169_34 33 0.0 0.0 2.5 20.9 0.8 28.8 1.3 4.2 0.2 0.8
LIB2197_169_47 3.2 0.0 0.0 21 18.0 0.9 334 1.7 3.9 0.1 0.7
LIB2197_169_24 3.2 0.0 0.0 2.2 18.6 0.5 30.0 1.2 4.4 0.1 0.7
LIB2197_169_31 3.2 0.0 0.0 1.8 19.4 0.6 31.1 14 4.2 0.1 0.6
LIB2197_169_73 3.7 0.0 0.0 2.9 18.7 0.8 31.2 1.7 4.5 0.0 0.8
LIB2197_169_21 33 0.0 0.0 2.4 19.5 0.7 30.5 1.3 4.2 0.1 0.7
LIB2197_169_29 3.2 0.0 0.0 2.2 19.6 0.6 29.7 1.3 4.0 0.1 0.7
LJB2003_110_11 3.0 0.0 0.0 2.6 15.7 0.2 321 0.6 2.8 0.0 0.7
LIJB2003_110_17 33 0.0 0.0 2.7 16.5 0.1 314 0.5 2.7 0.0 0.7
LJB2003__110_16 33 0.1 0.0 3.2 17.4 0.2 32.6 0.5 2.6 0.0 0.8
LIB2003_8_54 3.5 0.1 0.0 2.5 19.4 0.8 36.2 23 33 0.2 0.8
LIB2003_8_7 33 0.1 0.0 2.8 19.4 0.8 351 23 3.7 0.2 0.8
LJB2003_53_11 2.7 0.0 0.0 21 14.0 0.3 38.0 0.7 53 0.0 0.7
LIB2003__110_49 3.9 0.0 0.0 3.4 18.6 0.3 349 0.5 2.5 0.0 0.8
LIB2003_53_37 3.2 0.0 0.0 3.4 16.0 0.4 36.4 1.0 3.5 0.0 0.8
LIB2003_8_49 34 0.1 0.0 2.7 20.0 0.9 371 2.1 34 0.1 0.8
LIB2003_8_23 3.6 0.1 0.0 3.0 20.7 1.0 33.6 29 4.0 0.3 0.8
LIB2003_8_42 3.6 0.1 0.0 2.6 20.7 0.8 353 24 3.8 0.2 0.7
LIB2003_8_57 3.7 0.1 0.0 3.0 20.8 1.0 36.0 23 3.1 0.2 0.9
LIJB2003_53_34 2.8 0.0 0.0 2.6 16.4 0.3 39.3 0.8 4.2 0.0 0.7
LIB2003_54_13 3.7 0.1 0.0 2.3 17.9 0.5 39.5 1.3 4.0 0.1 0.8
LIB2003_8_58 3.7 0.1 0.0 2.5 23.6 0.9 34.1 2.1 3.5 0.2 0.7
LIB2003_8_62 3.7 0.1 0.0 2.5 21.3 0.8 35.6 2.2 3.9 0.2 0.7
LJB2003_110_25 3.2 0.0 0.0 3.2 20.1 0.2 34.7 0.4 29 0.0 0.9
LIB2003_54_17 34 0.2 0.0 2.4 18.2 0.4 39.5 1.1 4.2 0.1 0.8
LIB2003_8_19 3.6 0.1 0.0 3.1 20.6 0.9 36.9 2.5 3.1 0.2 0.8
LIB2003_53_23 34 0.2 0.0 2.3 18.0 0.2 37.0 0.7 4.3 0.1 0.6
LIB2003_8_68 3.5 0.1 0.0 2.8 20.8 0.8 36.4 2.2 3.7 0.2 0.8
LIB1327_305_31 3.7 0.1 0.0 2.8 21.0 1.3 353 34 3.1 0.2 0.9
LIB1327_305_48 4.3 0.1 0.0 2.2 19.5 0.9 375 1.9 4.2 0.1 0.7
LIB1327_305_32 4.0 0.0 0.0 21 18.8 0.7 39.2 1.8 4.2 0.1 0.8
LIB1327_458_92 33 0.0 0.0 2.0 17.8 0.9 39.1 2.1 4.6 0.2 0.8
LIB1327_305_38 4.0 0.1 0.0 2.7 19.7 1.0 36.9 29 4.1 0.3 0.9
LIB1327_305_43 4.0 0.1 0.0 2.6 19.2 1.0 37.2 2.2 4.0 0.1 0.9
LIB1327_305_45 3.9 0.1 0.0 2.7 19.9 0.9 373 24 4.3 0.2 0.9
LIB1327_305_30 3.9 0.1 0.0 2.7 22.0 1.0 36.4 2.5 3.5 0.2 0.9
LIB1327_305_35 4.2 0.1 0.0 2.7 20.3 1.0 38.0 2.2 3.7 0.2 0.9
LIB1327_305_37 4.3 0.0 0.0 3.0 19.7 1.1 38.8 2.6 3.2 0.2 1.1
LIB1327_305_47 4.1 0.1 0.0 2.4 20.4 1.1 383 24 3.8 0.2 0.8
LIB1327_305_34 3.9 0.0 0.0 2.8 18.9 1.0 39.0 2.6 3.6 0.2 1.1
LIB1327_305_44 4.1 0.1 0.0 2.9 20.3 0.9 38.0 23 4.3 0.2 0.9
LIB1327_458_94 4.0 0.0 0.0 21 18.8 0.8 371 2.2 5.9 0.3 0.8
LIB1327_305_50 4.0 0.0 0.0 2.4 19.6 0.8 40.3 2.2 4.2 0.2 0.9
LIB1327_305_42 3.7 0.1 0.0 2.5 23.6 1.1 37.0 24 3.8 0.2 0.8
LIB1327_305_54 4.4 0.1 0.0 3.4 21.5 1.4 374 2.8 2.7 0.1 1.3
LIB1327_305_41 4.2 0.1 0.0 2.5 224 1.0 38.6 2.0 3.6 0.1 0.8
LIB1327_305_40 3.9 0.0 0.0 2.5 21.1 0.9 394 2.0 4.3 0.2 0.8
LIB1327_305_55 4.5 0.1 0.0 3.3 21.9 1.3 37.7 2.0 33 0.2 1.2
LIB1327_305_33 4.2 0.1 0.0 2.7 23.8 1.1 37.0 2.1 3.7 0.2 0.9
LIB913_64-13a 4.4 0.0 0.0 3.9 11.3 0.0 21.7 11.7 3.7 0.7 1.1
LIB913_64_9 3.8 0.0 0.2 2.7 9.8 0.0 21.8 12.7 4.3 0.8 0.9
LIBO13_64_3 4.2 0.1 0.2 3.6 12.0 0.0 224 11.7 3.5 0.7 1.0
LIB913_64_20 3.5 0.2 0.1 3.3 14.1 0.1 259 8.7 3.0 0.5 0.9
LIBO13_64_8 3.7 0.1 0.2 3.0 13.9 0.2 24.1 16.4 3.7 1.1 0.9
LIB913_91_5 3.5 0.1 0.1 2.8 15.7 0.1 271 9.0 4.9 0.5 0.8
LIBO13_64_22 4.8 0.2 0.1 4.0 13.4 0.0 259 9.3 3.9 0.7 1.2
LIBO13_64_23 4.5 0.1 0.1 3.9 13.4 0.0 25.0 9.9 3.9 0.7 1.1
LIB913_64-07a 4.2 0.0 0.0 4.5 13.7 0.0 259 73 4.4 0.0 1.3
LIB913_91_4 4.1 0.2 0.2 3.7 16.2 0.2 324 5.2 6.1 0.4 1.0
LIB913_64-05a 4.2 0.0 0.0 4.8 14.0 0.0 253 8.0 4.8 0.5 1.3
LIB913_64_10 3.9 0.0 0.1 4.6 15.0 0.0 273 6.0 4.5 0.3 1.2
LIB913_64_13 3.9 0.1 0.1 3.5 15.0 0.1 25.1 9.4 4.5 0.5 0.9
LIB913_91_14 3.6 0.0 0.2 3.5 17.0 0.1 26.6 9.3 5.1 0.5 0.9
LIB913_64-12a 4.8 0.0 0.0 4.8 13.9 0.0 24.1 7.1 5.0 0.0 14
LIB913_91_28 4.2 0.0 0.2 4.0 17.1 0.0 274 7.5 5.9 0.4 1.1
LIB913_91_20 3.2 0.1 0.1 3.0 18.7 0.1 289 7.2 4.7 0.3 0.7
LIBO13_64_17 4.7 0.1 0.1 43 14.3 0.0 27.0 9.6 3.8 0.5 1.1
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Gaschromatographical anaylsis of the fatty acid composition of seedoil from transgenic rapeseed plants.

LIB913_91_18 3.6 0.0 0.1 4.0 17.8 0.1 31.0 6.1 4.6 0.3 1.0 0.9 2.5
LIB913_64_14 4.0 0.0 0.3 4.2 14.9 0.0 26.2 8.9 5.5 0.7 1.1 1.0 3.9
LJB913_91_3 3.8 0.1 0.2 3.1 18.1 0.0 29.7 6.5 6.8 0.5 0.9 0.8 1.9
20:4n-6 Ratio Ratio Ratio Ratio

Sample name 20:3n-6 20:3n-3 (ARA) 20:4n-3 20:5n-3 22:0 ARA:GLA ARA:DGLA LA:ALA ARA:EPA
LIB2197_169_37 3.0 0.0 33.1 0.5 5.9 0.0 27.0 11.2 6.7 5.6
LIB2197_169_5 2.8 0.0 321 0.5 6.7 0.0 15.2 11.5 5.8 4.8
LIB2197_169_11 3.3 0.0 31.2 0.5 5.5 0.0 19.9 9.4 6.7 5.7
LIB2197__169_51 3.3 0.0 31.1 0.5 5.5 0.0 19.8 9.3 6.7 5.7
LIB2197_169_9 2.0 0.0 30.2 0.4 5.7 0.3 9.9 14.9 6.5 5.3
LIB2197_169_22 3.8 0.0 29.8 0.6 5.3 0.4 18.0 7.9 8.0 5.7
LIB2197_169_36 3.2 0.0 29.5 0.5 5.5 0.4 19.8 9.3 7.8 5.4
LIB2197_169_40 2.6 0.0 29.2 0.4 5.0 0.3 10.2 11.4 8.4 5.8
LIB2197__169_42 3.3 0.0 29.1 0.6 6.6 0.3 19.1 8.9 6.4 4.4
LIB2197__169_26 2.1 0.0 29.0 0.4 5.5 0.0 10.6 13.5 6.9 5.3
LIB2197_169_61 3.0 0.0 27.4 0.4 4.6 0.3 12.5 9.3 9.0 6.0
LIB2197_169_14 3.1 0.0 26.8 0.6 5.7 0.4 18.4 8.7 6.4 4.7
LIB2197__169_16 3.0 0.0 26.6 0.6 6.3 0.4 21.5 8.8 6.2 4.2
LIB2197__169_65 1.8 0.0 26.6 0.3 5.5 0.3 11.5 14.4 7.7 4.8
LIB2197_169_17 4.1 0.0 26.5 0.7 5.1 0.4 24.6 6.5 7.4 5.2
LIB2197_169_34 2.9 0.0 26.5 0.5 5.4 0.4 19.8 9.2 6.9 4.9
LIB2197_169_47 2.7 0.0 26.3 0.4 4.6 0.4 15.2 9.8 8.7 5.7
LIB2197_169_24 3.9 0.0 26.2 0.7 5.6 0.3 22.7 6.8 6.7 4.7
LIB2197_169_31 3.5 0.0 26.0 0.6 5.0 0.4 18.6 7.5 7.4 5.2
LIB2197_169_173 2.4 0.0 26.0 0.4 5.4 0.0 15.1 10.8 6.9 4.8
LIB2197_169_21 3.6 0.0 259 0.6 5.0 0.4 19.3 7.2 7.2 5.2
LIB2197_169_29 4.0 0.0 25.8 0.7 5.1 0.4 19.4 6.5 7.4 5.0
LIB2003_110_11 3.0 0.3 28.7 0.3 3.7 0.3 48.9 9.7 11.4 7.8
LIB2003_110_17 2.5 0.4 28.1 0.3 3.6 0.3 53.3 11.2 11.5 7.7
LIB2003__110_16 2.7 0.4 26.1 0.3 3.2 0.3 50.1 9.6 12.6 8.1
LIB2003_8_ 54 2.0 0.0 24.2 0.2 3.0 0.4 10.5 12.2 11.0 8.1
LIB2003_8_7 1.8 0.0 24.0 0.3 3.7 0.4 10.2 13.6 9.5 6.5
LIB2003_53_11 4.3 0.0 23.9 0.7 4.7 0.4 33.1 5.6 7.2 5.1
LIB2003__110_49 2.4 0.5 23.6 0.2 2.7 0.3 45.1 9.9 13.9 8.7
LIB2003_53_37 5.2 0.0 23.5 0.7 3.4 0.4 23.6 4.5 10.3 6.8
LIB2003_8_49 1.7 0.0 22.8 0.2 2.9 0.4 11.1 13.1 11.0 79
LIB2003_8_23 14 0.0 22.8 0.2 3.8 0.4 7.8 16.5 8.4 6.1
LIB2003_8_42 1.6 0.0 22.6 0.2 3.7 0.4 9.6 14.1 9.3 6.0
LIB2003_8_57 1.8 0.0 22.6 0.2 2.8 0.5 9.8 12.6 11.8 8.0
LIB2003_53_34 4.1 0.0 22.5 0.5 3.1 0.4 28.5 5.5 9.4 7.2
LIB2003_54_13 1.9 0.0 22.4 0.2 3.2 0.5 17.4 11.9 9.8 6.9
LIB2003_8_58 14 0.0 22.3 0.2 3.4 0.3 10.7 16.3 9.9 6.5
LIB2003_8_ 62 14 0.0 22.2 0.2 3.6 0.4 10.2 15.4 9.1 6.3
LIB2003_110_25 3.2 0.4 22.2 0.4 3.0 0.3 49.8 7.0 12.1 7.5
LIB2003_54_17 2.1 0.0 21.9 0.3 3.4 0.4 20.5 10.7 9.5 6.5
LIB2003_8__19 1.5 0.0 21.9 0.2 2.9 0.4 8.7 14.6 11.7 7.6
LIB2003_53_23 3.6 0.2 21.9 0.6 3.8 0.4 31.0 6.1 8.5 5.7
LIB2003_8_68 1.7 0.0 21.8 0.2 3.4 0.4 9.9 13.1 9.9 6.4
LIB1327_305_31 1.5 0.9 22.0 0.1 2.2 0.5 6.4 15.1 11.4 9.8
LIB1327_305_48 2.1 0.7 21.6 0.2 2.8 0.5 11.5 10.4 8.9 7.8
LIB1327_305_32 1.7 1.2 21.4 0.2 2.5 0.6 11.7 12.9 9.3 8.7
LIB1327_458_92 2.0 1.4 21.2 0.2 3.1 0.6 10.2 10.4 8.6 6.9
LIB1327_305_38 1.7 0.6 20.9 0.2 2.8 0.6 7.2 12.6 9.0 7.5
LIB1327_305_43 3.1 0.8 20.8 0.3 2.4 0.6 9.5 6.8 9.3 8.7
LIB1327_305_45 1.7 0.9 20.7 0.2 2.7 0.6 8.6 12.0 8.7 7.7
LIB1327_305_30 1.6 0.6 20.6 0.2 2.5 0.5 8.3 13.1 10.3 8.3
LIB1327_305_35 1.5 0.8 20.6 0.2 2.3 0.5 9.3 14.1 10.4 9.0
LIB1327_305_37 14 0.7 20.5 0.1 1.9 0.6 79 14.9 12.2 10.9
LIB1327_305_47 14 0.7 20.4 0.1 2.2 0.5 8.5 14.4 10.0 9.3
LIB1327_305_34 1.7 1.2 20.4 0.2 2.1 0.7 8.0 11.7 10.7 9.9
LIB1327_305_44 14 0.7 19.9 0.1 2.5 0.6 8.5 14.2 8.9 8.0
LIB1327_458_94 2.2 1.5 19.3 0.3 3.5 0.5 8.7 8.9 6.3 5.5
LIB1327_305_50 1.5 0.7 19.2 0.2 2.4 0.6 8.8 12.6 9.7 8.0
LIB1327_305_42 1.1 0.7 19.2 0.2 2.4 0.5 8.1 16.8 9.7 8.0
LIB1327_305_54 1.5 0.7 19.1 0.0 1.6 0.6 6.8 12.9 13.9 11.8
LIB1327_305_41 1.3 0.7 19.1 0.2 2.3 0.5 9.6 14.6 10.7 8.3
LIB1327_305_40 1.3 0.7 18.8 0.2 2.6 0.5 9.2 14.5 9.1 7.1
LIB1327_305_55 14 0.9 18.6 0.0 1.7 0.5 9.3 13.7 11.3 11.1
LIB1327_305_33 1.3 0.8 18.6 0.1 2.1 0.6 8.9 14.6 10.1 8.8
LIB913_64-13a 6.7 0.0 25.6 0.7 3.8 0.0 2.2 3.8 5.9 6.7
LIB913_64_9 8.7 0.6 23.6 1.0 3.8 0.0 1.8 2.7 5.1 6.1
LIB913_64_3 6.5 0.7 22.0 0.7 3.5 0.5 1.9 3.4 6.5 6.4
LIB913_64_20 7.4 0.5 21.2 0.8 3.2 0.4 2.4 2.9 8.5 6.6
LIB913_64_8 5.8 0.0 20.4 0.7 3.1 0.0 1.2 3.5 6.6 6.6
LIB913_91_5 6.0 0.4 20.3 0.7 3.5 0.4 2.2 3.4 5.5 5.8
LIB913_64_22 6.0 0.6 19.8 0.8 3.3 0.7 2.1 3.3 6.6 6.0
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Gaschromatographical anaylsis of the fatty acid composition of seedoil from transgenic rapeseed plants.

LIB913_64_23 6.1 0.7 19.5 0.8 3.4 0.5 2.0 3.2 6.4 5.8
LIB913_64-07a 6.2 1.0 194 0.0 3.1 0.0 2.7 3.1 5.9 6.3
LIB913_91 4 4.7 0.0 194 0.6 3.4 0.0 3.7 4.1 53 5.7
LIB913_64-05a 7.0 0.0 19.1 0.8 3.2 0.0 2.4 2.7 5.2 6.0
LIB913_64_10 6.4 0.7 18.9 0.6 2.5 0.5 3.2 3.0 6.0 7.6
LIB913_64_13 7.8 0.6 18.7 1.0 3.1 0.0 2.0 24 5.6 6.0
LIB913_91_14 6.5 0.4 18.7 0.7 3.1 0.0 2.0 2.9 5.2 6.0
LIB913_64-12a 6.5 1.2 18.5 0.0 3.5 0.0 2.6 2.8 4.8 5.2
LIB913_91_28 6.5 0.0 18.4 0.7 2.9 0.0 2.4 2.8 4.7 6.3
LIB913_91_ 20 7.1 0.3 18.3 0.8 2.9 0.0 2.5 2.6 6.1 6.3
LIB913_64_17 6.5 0.5 18.2 0.7 2.9 0.6 1.9 2.8 7.1 6.2
LIB913_91_18 5.6 0.3 18.2 0.6 2.8 0.5 3.0 3.2 6.8 6.6
LIB913_64_14 6.5 0.6 17.8 0.9 3.5 0.0 2.0 2.7 4.7 5.1
LIB913_91_3 5.3 0.0 17.7 0.8 3.7 0.0 2.7 33 4.4 4.8
TABLE 8 TABLE 8-continued
Used Nomenclature 20 Used Nomenclature
Fatty acid Nomenclature Fatty acid Nomenclature
gzz;g‘:ci . }g;ﬁi b }g;ﬁ : 2 Bicosatrienoic acid 20:3A11, 14, 17 20:3n - 3
a-Linolenic acid 18:3A9, 12, 15 l8:3n - 3 1so—Arlach1fiomcl acid 20:4A8, 11, 14, 17 20:4n - 3
y-Linolenic acid 18:3A6, 9, 12 y18:3n - 6 25 Arachidonic acid 20:4A5, 8, 11, 14 20:4n - 6
Stearidonic acid 18:4A6, 9, 12, 15 18:4n - 3 Eicosapentaenoic acid 20:5A5, 8, 11, 14, 17 20:5n - 3
Dihomo-y-linolenic acid 20:3A8, 11, 14 20:3n - 6

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 155

<210> SEQ ID NO 1
<211> LENGTH: 2646

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: p-VESBP-NEENAssl expression element

<400> SEQUENCE: 1

tcegacggecc

gaaggagttce

actcttgeaa

cgtettggga

tttataactt

cattgaaatc

aaatctggec

gtttagaatt

ttcatattct

tcaaagtttg

aaattgatgt

aagactgaga

tagacacatt

gttaccttte

aggaagattt

gtgttaaaat

ggactgtatc

taagactttt

actctgattg

aggcccaaaa

gaaatcccat

tacaactctt

agaagttctg

ttgactttte

aacatgtctt

acttttcagt

atcagtgetg

ggaaaaattt

aacataaaac

tgcagttcat

taacaactta

taatgtgttg

caacttectga

cagaaagctt

aacctacgtyg

tttattgagt

catttttaag

gtgtcagaag

aacttgtcat

caaagcaaac

gatgaaatgt

gtgcaattga

caaacttgat

tgtagtacaa

accacttcat

aagagcaact

gagaagtaat

taaccaccac

tctttgaatc

gtaacatgct

aaaactgctc

acttcagttt

agaagttctg

ttcttecaga

atttcttaac

ttgacttttyg

gattcttgaa

ccattttget

gtcatggaag

cacaaagaat

tcgaagagtyg

tacagacact

gggagttaaa

tacctttagt

tctetgttec

ttgtagactt

cagaagttct

catggacgtyg

ttcecgeaatyg

atcaacttgce

agttagaaaa

actttcttaa

atttgatgtt

cttgtgecaa

atcttatgag

cctgttttte

attgaagaag

tttactaaaa

gagcaacaca

aagtattata

aacatgttct

tctttgaatt

aaccaaattc

tcttcaaaga

tcttagatcet

atcatggtga

atttctaagt

taaaacaaac

gatgcaaaag

ttccaaacct

aaaattcttg

atagtcggac

gaaatgtgca

tactacaaag

ttaaggggga

agaaaattgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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-continued
aatcatcaca ttataattat tgtccttatt taaaattatg ataaagttgt atcattaaga 1020
ttgagaaaac caaatagtcc tcgtcttgat ttttgaatta ttgttttcta tgttactttt 1080
cttcaagcct atataaaaac tttgtaatgc taaattgtat gctggaaaaa aatgtgtaat 1140
gaattgaata gaaattatgg tatttcaaag tccaaaatcc atcaatagaa atttagtaca 1200
aaacgtaact caaaaatatt ctcttatttt aaattttaca acaatataaa aatattctct 1260
tattttaaat tttacaataa tataatttat cacctgtcac ctttagaata ccaccaacaa 1320
tattaatact tagatatttt attcttaata attttgagat ctctcaatat atctgatatt 1380
tattttatat ttgtgtcata ttttcttatg ttttagagtt aacccttata tcecttggtcaa 1440
actagtaatt caatatatga gtttgtgaag gacacattga catcttgaaa cattggtttt 1500
aaccttgttg gaatgttaaa ggtaataaaa cattcagaat tatgaccatc tattaatata 1560
cttcectttgt cttttaaaaa agtgtgcatg aaaatgctct atggtaagct agagtgtcett 1620
gctggectgt gtatatcaat tccatttcca gatggtagaa actgccacta cgaataatta 1680
gtcataagac acgtatgtta acacacgtcc ccttgcatgt tttttgccat atattccegtce 1740
tctttetttt tecttcacgta taaaacaatg aactaattaa tagagcgatc aagctgaact 1800
ggtgcttaaa cactctggtg agttctagta cttctgctat gatcgatctc attaccattt 1860
cttaaatttc tctcecctaaa tattccgagt tcttgatttt tgataacttce aggttttcte 1920
tttttgataa atctggtctt tceccatttttt tttttttgtg gttaatttag tttcecctatgt 1980
tcttecgattg tattatgcat gatctgtgtt tggattcetgt tagattatgt attggtgaat 2040
atgtatgtgt ttttgcatgt ctggttttgg tcttaaaaat gttcaaatct gatgatttga 2100
ttgaagcettt tttagtgttg gtttgattct tctcaaaact actgttaatt tactatcatg 2160
ttttccaact ttgattcatg atgacacttt tgttctgcett tgttataaaa ttttggttgg 2220
tttgattttg taattatagt gtaattttgt taggaatgaa catgttttaa tactctgttt 2280
tcgatttgtc acacattcga attattaatc gataatttaa ctgaaaattc atggttctag 2340
atcttgttgt catcagatta tttgtttcga taattcatca aatatgtagt ccttttgetg 2400
atttgcgact gtttcatttt ttctcaaaat tgttttttgt taagtttatc taacagttat 2460
cgttgtcaaa agtctctttc attttgcaaa atcttctttt tttttttgtt tgtaactttg 2520
ttttttaagc tacacattta gtctgtaaaa tagcatcgag gaacagttgt cttagtagac 2580
ttgcatgttc ttgtaacttc tatttgtttc agtttgttga tgactgcttt gattttgtag 2640
gtcaaa 2646
<210> SEQ ID NO 2
<211> LENGTH: 1119
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: p-BnNapin-NEENAss2 expression element
<400> SEQUENCE: 2
taaggatgac ctacccattc ttgagacaaa tgttacattt tagtatcaga gtaaaatgtg 60
tacctataac tcaaattcga ttgacatgta tccattcaac ataaaattaa accagcectge 120
acctgcatce acatttcaag tattttcaaa cegttegget cctatccacce gggtgtaaca 180
agacggattc cgaatttgga agattttgac tcaaattccce aatttatatt gaccgtgact 240
aaatcaactt taacttctat aattctgatt aagctcccaa tttatattcce caacggcact 300
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acctccaaaa tttatagact ctcatcccct tttaaaccaa cttagtaaac gttttttttt 360
taattttatg aagttaagtt tttaccttgt ttttaaaaag aatcgttcat aagatgccat 420
gccagaacat tagctacacg ttacacatag catgcagccg cggagaattg tttttetteg 480
ccacttgtca ctcecttcaa acacctaaga gettctctet cacagcacac acatacaatce 540
acatgcgtge atgcattatt acacgtgatc gecatgcaaa tctectttat agectataaa 600
ttaactcatc ggcttcactc tttactcaaa ccaaaactca tcaatacaaa caagattaaa 660
aacaagttct ttgctttcga agttgccgca acctaaacag gtttttcecctt cttetttett 720
cttattaact acgaccttgt cctttgccta tgtaaaatta ctaggttttc atcagttaca 780
ctgattaagt tcgttatagt ggaagataaa atgccctcaa agcattttge aggatatctt 840
tgatttttca aagatatgga actgtagagt ttgatagtgt tcttgaatgt ggttgcatga 900
agtttttttg gtctgcatgt tattttttce tcgaaatatg ttttgagtcc aacaagtgat 960
tcacttggga ttcagaaagt tgttttctca atatgtaaca gtttttttct atggagaaaa 1020
atcataggga ccgttggttt tggcttecttt aattttgagce tcagattaaa cccattttac 1080
ccggtgttet tggcagaatt gaaaacagta cgtagtacc 1119
<210> SEQ ID NO 3
<211> LENGTH: 1441
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: p-LuCnl-NEENAssl4 expression element
<400> SEQUENCE: 3
ttagcagata tttggtgtct aaatgtttat tttgtgatat gttcatgttt gaaatggtgg 60
tttcgaaacce agggacaacg ttgggatctg atagggtgte aaagagtatt atggattggg 120
acaatttcgg tcatgagttg caaattcaag tatatcgtte gattatgaaa attttcgaag 180
aatatcccat ttgagagagt ctttacctca ttaatgtttt tagattatga aattttatca 240
tagttcatcg tagtcttttt ggtgtaaagg ctgtaaaaag aaattgttca cttttgtttt 300
cgtttatgtyg aaggctgtaa aagattgtaa aagactattt tggtgttttyg gataaaatga 360
tagtttttat agattctttt gcttttagaa gaaatacatt tgaaattttt tccatgttga 420
gtataaaata ccgaaatcga ttgaagatca tagaaatatt ttaactgaaa acaaatttat 480
aactgattca attctctcca tttttatacc tatttaaccg taatcgattc taatagatga 540
tcgatttttt atataatcct aattaaccaa cggcatgtat tggataatta accgatcaac 600
tctcaccect aatagaatca gtattttect tegacgttaa ttgatcctac actatgtagg 660
tcatatccat cgttttaatt tttggccacc attcaattct gtcttgectt tagggatgtg 720
aatatgaacg gccaaggtaa gagaataaaa ataatccaaa ttaaagcaag agaggccaag 780
taagataatc caaatgtaca cttgtcattg ccaaaattag taaaatactc ggcatattgt 840
attcccacac attattaaaa taccgtatat gtattggctg catttgcatg aataatacta 900
cgtgtaagece caaaagaacc cacgtgtage ccatgcaaag ttaacactca cgaccccatt 960
cctcagtecte cactatataa acccaccatc cccaatctca ccaaacccac cacacaactce 1020
acaactcact ctcacacctt aaagaaccaa tcaccaccaa aaaatttcac gatttggaat 1080
ttgattcectg cgatcacagg tatgacaggt tagattttgt tttgtatagt tgtatacata 1140
cttctttgtg atgttttgtt tacttaatcg aatttttgga gtgttttaag gtctctegtt 1200
tagaaatcgt ggaaaatatc actgtgtgtg tgttcttatg attcacagtg tttatgggtt 1260
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tcatgttectt tgttttatca ttgaatggga agaaattteg ttgggataca aatttctcat

gttcttactyg atcgttatta ggagtttggyg gaaaaaggaa gagttttttt ggttggtteg

agtgattatg aggttatttc tgtatttgat ttatgagtta atggtcgttt taatgttgta

g

<210> SEQ ID NO 4
<211> LENGTH: 2485

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: p-LuPxr-NEENAssl5 expression element

<400> SEQUENCE: 4

cacgggcagg

gaactcttga

aaaaccgtca

actctttgat

ggaaccatag

acatctccta

gtgcggattg

agagtgaagt

ggggttggta

gactcttagg

ttttttttat

tagcaatgga

gggttttaca

cegttagegy

ttttttattt

aaacacatat

acacaaattt

aattaaaatt

tcgggtaggt

ggtttcgggt

gtgaatgaat

attttgtgaa

attagtttaa

taataaaaaa

caaatgtggt

aattcccatg

tgttggccaa

aggatagtag

actttcccat

tgtttcatcg

acatagggac

tggaggttaa

tcatgatgag

tagtattata

tttagcaaca

agcagtacta

acaagttaga

tgatgctega

tcagctgaga

gtgggattte

ttaattatag

tgggtatggg

cgtacccace

gtttcagatt

gataaacaaa

tcataaattt

caccgacatg

aagatagaat

atcgaggcegg

atacccattce

tttgaataaa

ccgttaaatt

tttataactt

taatctatcc

agcgtacgtyg

gtaaaaaaaa

ttctggagec

aacaccactc

cccatccaca

ataaactcaa

tactacaagc

gagaaaaaag

ggatgacata

tattggtgag

agatggaagt

caaggaatgg

aacagtgett

caggtcagga

cccaaataag

actgtaagat

attatttaga

tacaggttaa

cgtttacata

tacccgttta

acaaaaatgt

ccatatttgt

acttttatta

atgttgagga

atactactaa

ccgtcaacag

tagttagaat

ttgcatgtac

actttgttca

aagttactta

tgattatatg

tcaaaatgca

gccacgtacyg

cacccacctce

aagaaaccga

aggtgatgat

atagtatgct

tgctagaggg

atataaaaag

aacatgagtc

tgcaaagttyg

tctctatact

aggagacaaa

gaagtcccte

attctteggt

ttgtgecattt

atgaattaca

acatatctat

aaccagaccg

atcgggtaaa

taatattttc

aggaaaataa

cagagttgga

acatgacata

atccatccca

gectttttaa

accaaaatcc

ttgggataga

aagaaaaaaa

ttataatcaa

tgacgaaatg

tggcaggctg

caagactcag

ctatattaga

catttttatc

tttagggtet

tcagacaaag

gcatagtaat

ttgactaagg

aagaggagac

agctagcege

ttcatgttta

gagtcagtaa

cgccagatgg

tgaaccagtyg

tgttgaatat

tatttagttt

tacccaccca

gaattttaaa

acctgattac

atattggatg

aaagaaaaat

attagatcta

gtataatgct

ctcgetatee

ccggataatt

tggattgcat

tataatagaa

atatctatcce

cttgtaaaaa

ttatatctaa

tttgtaacct

ggccacgtte

cctttgecca

ataaatcagg

tgtgagtgtg

agctaggaaa

caaacttgtce

tcttggtagt

aagaaaccga

tcgattagtt

gcacatggta

aggtattgaa

tgactaccaa

gttegaccga

aaattgacaa

ctaacaagga

tctagtegte

cegtaccegt

taaatatata

caattttaag

atattcaaga

acaattgaaa

gggttacceg

gataatcact

tcaacttata

ttgcaatcaa

ccgaatttte

aatttactta

ggtaagaata

caaaagtcca

tggaataaga

tcttcatgea

accctececca

gtttegtttt

cttttttgtt

1320

1380

1440

1441

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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tgattctact gtagggttta tgttctttag ctcataggtt ttgtgtattt cttagaaatg 1860
tggcttettt aatctctggg tttgtgactt tttgtgtggt ttctgtgttt ttcatatcaa 1920
aaacctattt tttccgagtt tttttttaca aattcttact ctcaagcttg aatacttcac 1980
atgcagtgtt cttttgtaga ttttagagtt aatgtgttaa aaagtttgga tttttcttgc 2040
ttatagagct tcttcacttt gattttgtgg gtttttttgt tttaaaggtg agatttttga 2100
tgaggttttt gcttcaaaga tgtcaccttt ctgggtttgt cttttgaata aagctatgaa 2160
ctgtcacatg gctgacgcaa ttttgttact atgtcatgaa agctgacgtt tttccegtgtt 2220
atacatgttt gcttacactt gcatgcgtca aaaaaattgg ggctttttag ttttagtcaa 2280
agattttact tctcttttgg gatttatgaa ggaaagttgc aaactttctc aaattttacc 2340
atttttgectt tgatgtttgt ttagattgcg acagaacaaa ctcatatatg ttgaaatttt 2400
tgcttggttt tgtataggat tgtgtctttt gcttataaat gttgaaatct gaactttttt 2460
tttgtttggt ttctttgagce aggag 2485
<210> SEQ ID NO 5
<211> LENGTH: 936
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: p-VfUSP-NEENAssl18 expression element
<400> SEQUENCE: 5
ctgcagcaaa tttacacatt gccactaaac gtctaaacce ttgtaatttg tttttgtttt 60
actatgtgtg ttatgtattt gatttgcgat aaatttttat atttggtact aaatttataa 120
caccttttat gctaacgttt gccaacactt agcaatttgc aagttgatta attgattcta 180
aattattttt gtcttctaaa tacatatact aatcaactgg aaatgtaaat atttgctaat 240
atttctacta taggagaatt aaagtgagtg aatatggtac cacaaggttt ggagatttaa 300
ttgttgcaat gctgcatgga tggcatatac accaaacatt caataattct tgaggataat 360
aatggtacca cacaagattt gaggtgcatg aacgtcacgt ggacaaaagyg tttagtaatt 420
tttcaagaca acaatgttac cacacacaag ttttgaggtg catgcatgga tgccctgtgg 480
aaagtttaaa aatattttgg aaatgatttg catggaagcc atgtgtaaaa ccatgacatce 540
cacttggagg atgcaataat gaagaaaact acaaatttac atgcaactag ttatgcatgt 600
agtctatata atgaggattt tgcaatactt tcattcatac acactcacta agttttacac 660
gattataatt tcttcatage cagtactgtt taagcttcac tgtctctgaa tcggcaaagyg 720
taaacgtatc aattattcta caaacccttt tatttttett ttgaattacc gtcttcattg 780
gttatatgat aacttgataa gtaaagcttc aataattgaa tttgatctgt gtttttttgg 840
ccttaatact aaatccttac ataagctttg ttgcttcectece tettgtgagt tgagtgttaa 900
gttgtaataa tggttcactt tcagctttag aagaaa 936
<210> SEQ ID NO 6
<211> LENGTH: 847
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 6
tggtgcttaa acactctggt gagttctagt acttctgeta tgatcgatct cattaccatt 60
tcttaaattt ctctccctaa atattccgag ttettgattt ttgataactt caggttttcet 120
ctttttgata aatctggtct ttccattttt ttttttttgt ggttaattta gtttectatg 180
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ttcttecgatt gtattatgca tgatctgtgt ttggattcetg ttagattatg tattggtgaa 240
tatgtatgtg tttttgcatg tctggttttg gtcttaaaaa tgttcaaatc tgatgatttg 300
attgaagctt ttttagtgtt ggtttgattc ttctcaaaac tactgttaat ttactatcat 360
gttttccaac tttgattcat gatgacactt ttgttctgcet ttgttataaa attttggttg 420
gtttgatttt gtaattatag tgtaattttg ttaggaatga acatgtttta atactctgtt 480
ttcgatttgt cacacattcg aattattaat cgataattta actgaaaatt catggttcta 540
gatcttgttyg tcatcagatt atttgtttcg ataattcatc aaatatgtag tccttttget 600
gatttgcgac tgtttcattt tttctcaaaa ttgttttttg ttaagtttat ctaacagtta 660
tcgttgtcaa aagtctcttt cattttgcaa aatcttettt ttttttttgt ttgtaacttt 720
gttttttaag ctacacattt agtctgtaaa atagcatcga ggaacagttg tcttagtaga 780
cttgcatgtt cttgtaactt ctatttgttt cagtttgttg atgactgctt tgattttgta 840
ggtcaaa 847
<210> SEQ ID NO 7
<211> LENGTH: 455
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 7
agttctttge tttcgaagtt geccgcaacct aaacaggttt ttecttette tttettetta 60
ttaactacga ccttgtcctt tgcctatgta aaattactag gttttcatca gttacactga 120
ttaagttcgt tatagtggaa gataaaatgc cctcaaagca ttttgcagga tatctttgat 180
ttttcaaaga tatggaactg tagagtttga tagtgttctt gaatgtggtt gcatgaagtt 240
tttttggtct gecatgttatt ttttcecctcga aatatgtttt gagtccaaca agtgattcac 300
ttgggattca gaaagttgtt ttctcaatat gtaacagttt ttttctatgg agaaaaatca 360
tagggaccgt tggttttgge ttcectttaatt ttgagctcag attaaaccca ttttaccecgg 420
tgttcttgge agaattgaaa acagtacgta gtacc 455
<210> SEQ ID NO 8
<211> LENGTH: 377
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 8
tttcacgatt tggaatttga ttcctgegat cacaggtatg acaggttaga ttttgttttg 60
tatagttgta tacatacttc tttgtgatgt tttgtttact taatcgaatt tttggagtgt 120
tttaaggtct ctcgtttaga aatcgtggaa aatatcactg tgtgtgtgtt cttatgattce 180
acagtgttta tgggtttcat gttctttgtt ttatcattga atgggaagaa atttcgttgg 240
gatacaaatt tctcatgttc ttactgatcg ttattaggag tttggggaaa aaggaagagt 300
ttttttggtt ggttcgagtyg attatgaggt tatttctgta tttgatttat gagttaatgg 360
tcgttttaat gttgtag 377

<210> SEQ ID NO 9

<211> LENGTH: 758

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 9
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agggtttcegt ttttgtttca tcgataaact caaaggtgat gattttaggyg tcttgtgagt 60
gtgctttttt gtttgattct actgtagggt ttatgttctt tagctcatag gttttgtgta 120
tttcttagaa atgtggcttce tttaatctct gggtttgtga ctttttgtgt ggtttetgtg 180
tttttcatat caaaaaccta ttttttccga gttttttttt acaaattctt actctcaagc 240
ttgaatactt cacatgcagt gttcttttgt agattttaga gttaatgtgt taaaaagttt 300
ggatttttet tgcttataga gcttcttcac tttgattttg tgggtttttt tgttttaaag 360
gtgagatttt tgatgaggtt tttgcttcaa agatgtcacc tttctgggtt tgtcttttga 420
ataaagctat gaactgtcac atggctgacg caattttgtt actatgtcat gaaagctgac 480
gtttttcegt gttatacatg tttgcttaca cttgcatgceg tcaaaaaaat tggggctttt 540
tagttttagt caaagatttt acttctcttt tgggatttat gaaggaaagt tgcaaacttt 600
ctcaaatttt accatttttg ctttgatgtt tgtttagatt gcgacagaac aaactcatat 660
atgttgaaat ttttgcttgg ttttgtatag gattgtgtct tttgcttata aatgttgaaa 720
tctgaacttt ttttttgttt ggtttetttg agcaggag 758
<210> SEQ ID NO 10
<211> LENGTH: 252
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 10
actgtttaag cttcactgtc tctgaatcgg caaaggtaaa cgtatcaatt attctacaaa 60
ccettttatt tttettttga attaccgtct tcattggtta tatgataact tgataagtaa 120
agcttcaata attgaatttg atctgtgttt ttttggectt aatactaaat ccttacataa 180
gctttgttge ttetectett gtgagttgag tgttaagttyg taataatggt tcactttcecag 240
ctttagaaga aa 252
<210> SEQ ID NO 11
<211> LENGTH: 718
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 11
gteccagaatt ttctecattg aagctggatt ctaaggtcag ttettactte tttatctcaa 60
tctgatgatt ccatatcgaa agtcttactt tttcacttca atttcaatct gatgattcta 120
agatctttga ttcgaggtcg atctctgata gttactacat gtttctgggt ttatttattt 180
ttaatccata tagtaattaa aaactcttat gaggtttaat tatggttact tgagaatttg 240
caatcgtcat ctttctttga ctecctatcca ttttttggtt tttectttgt ttaatttcetg 300
tttcataatt gtaattgtaa attaaccaaa acaaattgat cagaaacctt tttcctatgg 360
aatatttatc acacgcaagc ctgtgagttg tgactctgta atcacttect tgttctggta 420
atttcagtgg ttaaggctct ccttttttct gatgttgtca gcaaaagtta gtttttette 480
ttctttaatg ggttaattac acctaaatct ctggttatta aacaatccag aaagaaaaaa 540
agtttattcc ttcctctatg tatatagttt cacatgcaag catcacttgt ttgttctgac 600
aaattgcaga gttttgagtt ctgttttttt ttttttctaa tgttttgtct ttaagaaagt 660
tctgtttttt tttctgcagyg aaagttatca aaagttttga gagctttgga tagtgaag 718

<210>
<211>

SEQ ID NO 12
LENGTH: 495
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<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 12
ctagcttaat ctcagattcg aatcgttcca tagtggtgag cttegtgtte ttetttegte 60
tcttactect gattctcgat tttagggttt tcagtaattg cgtcggcgge gaaagtcettt 120
atcgccgatce gatcttcectt atctagaaat tattgatcag aaactgttgg gttttgtttg 180
attcttgtca agttttgatt tttcatgcga aattgctcaa tcccaattca aagttacgat 240
ttttattgaa aaccctagat tggtttcttc aagtttgtca ctttgattca atctaatagc 300
ttagcttaat cgttaagtcect cttttttggt tttaggtttc atttgcgatt taaaggttct 360
tgttttggta tttgttttgce tttggtecctt taagtttgag aggcttatgt agattataag 420
agagaagagt attgctttgc atgtttaaag gaagaacttt taactgaaca tttgtatgat 480
tggtatgtag atact 495
<210> SEQ ID NO 13
<211> LENGTH: 139
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 13
atttccacac gctttectatce atttccacce aaaaggtaac gegettttta tttectttee 60
tgcattcata aatttgtctc ctgcatgttg aaaaaaaaaa atttacatcg agattcgttt 120
ttatttttta gagagagat 139
<210> SEQ ID NO 14
<211> LENGTH: 889
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 14
gtctacttte attacagtga ctctgcatge ttcaggtcte gtctaattet tgaattctet 60
tcttttetgt tccgtaattt actttctagg gtctctagat ttgtgtctece tcectaacaaaa 120
gatcctatcet ttcgacaaat ttaatttcat cattgacctt tgtcgattcc attcectctcetce 180
tatctctetg tttcecttcgaa aacctagagg ttttgaattt aatgattcct ttttatgtca 240
ataaatttgc aatcaatggg agctttttaa aatcatcgtt atatctataa acaaaaaaac 300
agtaattact cttcttagat ctaaaacaat taataaatct ttcccttttt tetcatcata 360
attttttegt atttaactct tgtaaaaatt tgcttagecg tttegettte tcaggcccca 420
ggtgattegt gtettectagg tcagettgtg aaacctgaga gaagccatcet tttgtttgeg 480
gttacaaact ttgccgctte aatatttcat tgctgtttte tgggaaaacc tttttctagt 540
tttttcecgget tattatgect tttaactttt tgtgcattta acatttattg ttagtgettt 600
gcttagtgta aagtagtagt tctcectttgta atattaccat aaggttcaga agtaaatttt 660
tctaaaattg ttttettgtyg ggaaattcag actgatttca gcaacatgca tgggcttaaa 720
atcagcttct aagactgaga tttagtgacc agtgtggtgg tgtcttgtte tetgttettg 780
ggagaacaca aaggcagtgt ggagtctggt gagttttctg attcttgaaa agatttataa 840
attttcttgc aaaattagtc tttatgttga attgtgttgc aggtaaaat 889

<210> SEQ ID NO 15
<211> LENGTH: 433

<212> TYPE:

DNA
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80

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 15

gcacaatctt agcttacctt gaatcacaac ttcaggtata tgtaactgat tctaaattga
agattgtgtg caaatcttat atccattttt tattattaaa tttattgaaa aagctagegg
tgtaaattaa tgtcacaaaa tcagtatatt gttagttttt gttttttttg aagttttatg
caaatcttca aaaagtatat tcagtgttgt aattgacaaa tagagactct agttcttttt
ttttttttet tttttttaac atctgactct tatagagact ctagttcatg tacacttttt
ttaatggaaa aacaaatttg aaactgaata tcttatttec acgtagattg tatattagtt
taatttgatt gttatatttg taaatgtcta ctaaacagga attggatggt gaggaggcaa
ggcttgtgga tta

<210> SEQ ID NO 16

<211> LENGTH: 354

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 16

atcttagggt ttcgcegagat ctcactctca ctggtatgte tgtgtttett cttecatttt
ctgtttctat tggaaacttc tctctccaat ttegttttet tcacttottt gatcctttag
ctttgacaaa accgtagtaa aggatcaaaa gttatcatet ttggteccatg ttgtgaatcg
tgctctgett gggtegtgac tcccaaatce ggatttgaaa ccagcatate tgagcttaat
tcgagcatge atgegettet ttttttetga ttttttttag actttggttc taaatccctt
aactttggat taactgtcaa tctacaattt tatattaaca gagatagett agca

<210> SEQ ID NO 17

<211> LENGTH: 143

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 17

cagaagctca tttcecttegat acgatcaacce attaggtgat ttttttetet gatcttegag
ttctgataat tgctcttttt tctetggett tgttatcgat aatttctcetg gattttettt
ctggggtgaa tttttgcegca gag

<210> SEQ ID NO 18

<211> LENGTH: 182

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 18

atttttgttg gtgaaaggta gaattcgtaa atttettetg ctcactttat tgtttcegact
catacccgat aatctettet atgtttggta gagatatctt ctcaaagtcet tatctttect
taccgtgtte tgtgtttttt gatgatttag gtgaagaaga agaagcagag acaaaaacga

tt

<210> SEQ ID NO 19

<211> LENGTH: 665

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 19

ttaagctttt aagaatctct actcacattt tctctgtgag tgttctttta tacttetttg

60

120

180

240

300

360

420

433

60

120

180

240

300

354

60

120

143

60

120

180

182

60
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ttatttccaa tttttcttte tttecctctaa aaattttagg aactattgaa tcatttaatt 120
tctgtttgtt gataaaattt cgatcaactg ttctcecggett accgatgcat tttttgtaaa 180
accgtetttt tttggtgaat aaaattttaa attcatacaa aaaaaaaaca tatttgatac 240
tattttagct ccattgtatc tgaatcttca tttgttaatt tttttgttte ctectgttcecte 300
acttgaattt tggaatattt tctctaggtt ttaccttata ttcttcactt taagaactat 360
atgaagattt gattggaagt aataatattc ggtgatagaa tctgagtttg tttgattctg 420
gtgtggggct tatatctaac ttttttettt gtaccaatac attttcaatt ttacattttt 480
gattagctta aaatgtgaag gataccttgt aaataactat tacactattg cttgtcttag 540
tctaatagtc ttcactaata ttttgtgcag tagaagtaaa tattataaag agttgttgtt 600
tgattataga gagttgttgt ctattcttta acttgatgtg atgttgtttt tgatgacagg 660
taaaa 665
<210> SEQ ID NO 20
<211> LENGTH: 252
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 20
tctgggaaat atcgattttg atctattaag agetggtgag agccaaagtt tcctttttgt 60
ttgtttgttt gtttgtttgt tgtttgtatt tttgtatctc tgtgatcgct tcectacgtgtt 120
gggtcatgca gagaaactca ttttgttttg atttgcaatg tgtcaattcc actttgaaat 180
ataagattca tcgcctctet ctectttgtt ttttttette ttcectgcaget acgagetttg 240
ggatgtggtg ag 252
<210> SEQ ID NO 21
<211> LENGTH: 186
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 21
tattcacaat ctcctgccac ctctcattte tctagttgag ttgttatctg cgtttttaag 60
cactcgaata ctgcatgcaa attccctgat tgtttgttag taccttagag attctcgatt 120
ttttagttgt ttagattgaa ccaggattac taaattgtta ttgttttctg tgtaaaggct 180
acatat 186
<210> SEQ ID NO 22
<211> LENGTH: 345
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 22
ctttgcaget tctgcagcac ctcectcectac tecaggtact tatgtttttg ataattttat 60
tgatagactc tttacaatta tacttaagct tgttactttt tattgttacc aacaaaagct 120
aatgtatagt tcataactca caggtcctge gtettteggt cegaccactt ctcectacaga 180
ttecgcaaact tctgatcctg aaggtactcg cgaacttttt actgcaactt ctagttctaa 240
ctccaaaaca ttttgttcag aatttgtttc taaaagattt tcgggtttgt tgacgtcaca 300
taactcgcag ggtctgctte tttececgtcececg cccacttete cgaca 345

<210> SEQ ID NO 23
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<211> LENGTH: 285

<212> TYPE:

DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 23

aacaactatg

gtttaccaaa

tatataattt

caagtgaccc

cttacgagtt

gectgagggt
aaaaatactc
actaaaacac
tttttctaca

ttaattttat

<210> SEQ ID NO 24
<211> LENGTH: 137

<212> TYPE:

DNA

aacaagagta

tacttttgga

atagttcttyg

ttttgteetet

tttttggtta

tcaggtatat

aagacattgc

aattcttgtt

ctatcacacg

aaaacagtaa

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 24

gtgaaaactc tacttttgaa

tcctaaaate ttattagttg

aatgagcatg ttaccttgga

tcatgegttt tgattgttte

gataa

tctaaaaata cagggcaccg aaccaaataa aggtgagaat gatgagaage cgtttcttac

tcttcattgt tttettetet ctatcectet tcatttecte tetgatcgee agtgatttag

gettetgeaa

cgaagag

<210> SEQ ID NO 25
<211> LENGTH: 664

<212> TYPE:

DNA

<213> ORGANISM: Brassica napus thaliana

<400> SEQUENCE: 25

taaggatgac
tacctataac
acctgcatce
agacggattc
aaatcaactt
acctccaaaa
taattttatg
gccagaacat
ccacttgtca
acatgegtge
ttaactcatc

aaca

ctacccattce

tcaaattcga

acatttcaag

cgaatttgga

taacttctat

tttatagact

aagttaagtt

tagctacacg

ctcecttecaa

atgcattatt

ggcttcacte

<210> SEQ ID NO 26
<211> LENGTH: 1064

<212> TYPE:

DNA

<213> ORGANISM: Linum

<400> SEQUENCE: 26

ttagcagata

tttcgaaacc

acaatttecgg

aatatcccat

tagttcatcg

tttggtgtet

agggacaacg

tcatgagttyg

ttgagagagt

tagtcttttt

ttgagacaaa
ttgacatgta
tattttcaaa
agattttgac
aattctgatt
ctcatccect
tttaccttgt
ttacacatag
acacctaaga
acacgtgatc

tttactcaaa

tgttacattt
tccattcaac
cegttegget
tcaaattcce
aagctceccaa
tttaaaccaa
ttttaaaaag
catgcageeg
gettetetet
gccatgcaaa

ccaaaactca

tagtatcaga gtaaaatgtg
ataaaattaa accagcctge
cctatccace gggtgtaaca
aatttatatt gaccgtgact
tttatattcec caacggcact
cttagtaaac gttttttttt
aatcgttcat aagatgccat
cggagaattyg tttttetteg
cacagcacac acatacaatc
tctectttat agectataaa

tcaatacaaa caagattaaa

usitatissimum thaliana

aaatgtttat

ttgggatctyg

caaattcaag

ctttacctca

ggtgtaaagg

tttgtgatat

atagggtgtc

tatatcgtte

ttaatgtttt

ctgtaaaaag

gttcatgttt gaaatggtgg

aaagagtatt atggattggg

gattatgaaa attttcgaag

tagattatga aattttatca

aaattgttca cttttgtttt

60

120

180

240

285

60

120

137

60

120

180

240

300

360

420

480

540

600

660

664

60

120

180

240

300
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cgtttatgtyg aaggctgtaa aagattgtaa aagactattt tggtgttttyg gataaaatga 360
tagtttttat agattctttt gcttttagaa gaaatacatt tgaaattttt tccatgttga 420
gtataaaata ccgaaatcga ttgaagatca tagaaatatt ttaactgaaa acaaatttat 480
aactgattca attctctcca tttttatacc tatttaaccg taatcgattc taatagatga 540
tcgatttttt atataatcct aattaaccaa cggcatgtat tggataatta accgatcaac 600
tctcaccect aatagaatca gtattttect tegacgttaa ttgatcctac actatgtagg 660
tcatatccat cgttttaatt tttggccacc attcaattct gtcttgectt tagggatgtg 720
aatatgaacg gccaaggtaa gagaataaaa ataatccaaa ttaaagcaag agaggccaag 780
taagataatc caaatgtaca cttgtcattg ccaaaattag taaaatactc ggcatattgt 840
attcccacac attattaaaa taccgtatat gtattggctg catttgcatg aataatacta 900
cgtgtaagece caaaagaacc cacgtgtage ccatgcaaag ttaacactca cgaccccatt 960
cctcagtecte cactatataa acccaccatc cccaatctca ccaaacccac cacacaactce 1020
acaactcact ctcacacctt aaagaaccaa tcaccaccaa aaaa 1064
<210> SEQ ID NO 27
<211> LENGTH: 1727
<212> TYPE: DNA
<213> ORGANISM: Linum usitatissimum thaliana
<400> SEQUENCE: 27
cacgggcagg acatagggac tactacaagce atagtatget tcagacaaag agctaggaaa 60
gaactcttga tggaggttaa gagaaaaaag tgctagaggg gcatagtaat caaacttgtce 120
aaaaccgtca tcatgatgag ggatgacata atataaaaag ttgactaagyg tcttggtagt 180
actctttgat tagtattata tattggtgag aacatgagtc aagaggagac aagaaaccga 240
ggaaccatag tttagcaaca agatggaagt tgcaaagttg agctagccgce tcgattagtt 300
acatctccta agcagtacta caaggaatgg tctctatact ttcatgttta gcacatggta 360
gtgcggattyg acaagttaga aacagtgctt aggagacaaa gagtcagtaa aggtattgaa 420
agagtgaagt tgatgctcga caggtcagga gaagtcccte cgccagatgg tgactaccaa 480
ggggttggta tcagctgaga cccaaataag attctteggt tgaaccagtg gttcgaccga 540
gactcttagg gtgggatttc actgtaagat ttgtgcattt tgttgaatat aaattgacaa 600
ttttttttat ttaattatag attatttaga atgaattaca tatttagttt ctaacaagga 660
tagcaatgga tgggtatggg tacaggttaa acatatctat tacccaccca tctagtegte 720
gggttttaca cgtacccacc cgtttacata aaccagaccyg gaattttaaa ccgtaccegt 780
cegttagegg gtttcagatt tacccgttta atcgggtaaa acctgattac taaatatata 840
ttttttattt gataaacaaa acaaaaatgt taatattttc atattggatg caattttaag 900
aaacacatat tcataaattt ccatatttgt aggaaaataa aaagaaaaat atattcaaga 960
acacaaattt caccgacatg acttttatta cagagttgga attagatcta acaattgaaa 1020
aattaaaatt aagatagaat atgttgagga acatgacata gtataatgct gggttacccg 1080
tcgggtaggt atcgaggcegg atactactaa atccatccca ctcgctatcce gataatcact 1140
ggtttcgggt atacccattce ccgtcaacag gectttttaa ccggataatt tcaacttata 1200
gtgaatgaat tttgaataaa tagttagaat accaaaatcc tggattgcat ttgcaatcaa 1260
attttgtgaa ccgttaaatt ttgcatgtac ttgggataga tataatagaa ccgaattttce 1320



87

US 9,428,757 B2

88

-continued
attagtttaa tttataactt actttgttca aagaaaaaaa atatctatcc aatttactta 1380
taataaaaaa taatctatcc aagttactta ttataatcaa cttgtaaaaa ggtaagaata 1440
caaatgtggt agcgtacgtg tgattatatg tgacgaaatg ttatatctaa caaaagtcca 1500
aattcccatg gtaaaaaaaa tcaaaatgca tggcaggctg tttgtaacct tggaataaga 1560
tgttggccaa ttctggagec gecacgtacg caagactcag ggccacgtte tettcatgcea 1620
aggatagtag aacaccactc cacccacctc ctatattaga cctttgccca accctceccca 1680
actttcccat cccatccaca aagaaaccga catttttatc ataaatc 1727
<210> SEQ ID NO 28
<211> LENGTH: 1799
<212> TYPE: DNA
<213> ORGANISM: Vicia faba
<400> SEQUENCE: 28
tcgacggece ggactgtatce caacttctga tetttgaate tcetectgttec aacatgttet 60
gaaggagttc taagactttt cagaaagctt gtaacatgct ttgtagactt tctttgaatt 120
actcttgcaa actctgattg aacctacgtg aaaactgcte cagaagttct aaccaaatte 180
cgtettggga aggcccaaaa tttattgagt acttcagttt catggacgtyg tcttcaaaga 240
tttataactt gaaatcccat catttttaag agaagttctg ttccgcaatg tcecttagatct 300
cattgaaatc tacaactctt gtgtcagaag ttcttccaga atcaacttge atcatggtga 360
aaatctggece agaagttctg aacttgtcat atttcttaac agttagaaaa atttctaagt 420
gtttagaatt ttgacttttc caaagcaaac ttgacttttg actttcttaa taaaacaaac 480
ttcatattct aacatgtctt gatgaaatgt gattcttgaa atttgatgtt gatgcaaaag 540
tcaaagtttg acttttcagt gtgcaattga ccattttgct cttgtgccaa ttccaaacct 600
aaattgatgt atcagtgctg caaacttgat gtcatggaag atcttatgag aaaattcttg 660
aagactgaga ggaaaaattt tgtagtacaa cacaaagaat cctgtttttc atagtcggac 720
tagacacatt aacataaaac accacttcat tcgaagagtg attgaagaag gaaatgtgca 780
gttaccttte tgcagttcat aagagcaact tacagacact tttactaaaa tactacaaag 840
aggaagattt taacaactta gagaagtaat gggagttaaa gagcaacaca ttaaggggga 900
gtgttaaaat taatgtgttg taaccaccac tacctttagt aagtattata agaaaattgt 960
aatcatcaca ttataattat tgtccttatt taaaattatg ataaagttgt atcattaaga 1020
ttgagaaaac caaatagtcc tcgtcttgat ttttgaatta ttgttttcta tgttactttt 1080
cttcaagcct atataaaaac tttgtaatgc taaattgtat gctggaaaaa aatgtgtaat 1140
gaattgaata gaaattatgg tatttcaaag tccaaaatcc atcaatagaa atttagtaca 1200
aaacgtaact caaaaatatt ctcttatttt aaattttaca acaatataaa aatattctct 1260
tattttaaat tttacaataa tataatttat cacctgtcac ctttagaata ccaccaacaa 1320
tattaatact tagatatttt attcttaata attttgagat ctctcaatat atctgatatt 1380
tattttatat ttgtgtcata ttttcttatg ttttagagtt aacccttata tcecttggtcaa 1440
actagtaatt caatatatga gtttgtgaag gacacattga catcttgaaa cattggtttt 1500
aaccttgttg gaatgttaaa ggtaataaaa cattcagaat tatgaccatc tattaatata 1560
cttcectttgt cttttaaaaa agtgtgcatg aaaatgctct atggtaagct agagtgtcett 1620
gctggectgt gtatatcaat tccatttcca gatggtagaa actgccacta cgaataatta 1680
gtcataagac acgtatgtta acacacgtcc ccttgcatgt tttttgccat atattccegtce 1740
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tctttetttt

tcttcacgta

<210> SEQ ID NO 29
<211> LENGTH: 684

<212> TYPE:

DNA

<213> ORGANISM: Vicia

<400> SEQUENCE: 29

ctgcagcaaa

actatgtgtg

caccttttat

aattattttt

atttctacta

ttgttgcaat

aatggtacca

tttcaagaca

aaagtttaaa

cacttggagyg

agtctatata

gattataatt

tttacacatt

ttatgtattt

gctaacgttt

gtcttctaaa

taggagaatt

getgcatgga

cacaagattt

acaatgttac

aatattttgg

atgcaataat

atgaggattt

tcttecatage

<210> SEQ ID NO 30
<211> LENGTH: 2742

<212> TYPE:

DNA

<213> ORGANISM: Vicia

<400> SEQUENCE: 30

gtcgtetcaa

cctgttagea

gatgatagaa

tattgtccag

aaatgacggc

tatacacaat

agacattcct

tgcaaaagtt

taacaatatt

cgtagetect

ttgtaggcca

ctatgtgtece

gtcaagatag

ggagtcatac

cggetgacaa

atttcttata

ttecatgctat

agttagatac

actcattcat

atatgtcatc

gtaaagtaat

aaactaacaa

tgcaaaataa

attagggtat

aaaatataaa

aaactaagag

agtgtagttt

ccectggatyg

gagggtgttg

atcgtcagtyg

tgatgtgcat

tacaaagaga

ttaaccgtee

tccatacatt

tacagcttta

tcaagttcat

taaaacaatg aactaattaa tagagcgatc aagctgaac

faba

gccactaaac gtctaaacce

gatttgcgat aaatttttat

gccaacactt agcaatttge

tacatatact aatcaactgg

aaagtgagtyg aatatggtac

tggcatatac accaaacatt

gaggtgcatyg aacgtcacgt

cacacacaag ttttgaggtg

aaatgatttyg catggaagcc

gaagaaaact acaaatttac

tgcaatactt tcattcatac

cagt

faba

cagaacctte ttgaacttag

aacatataaa catgtcccag

gttactggtyg gagtaccaca

agttgagttc agcatagatg

ggagtaatga atacattgac

aataaaatat taaaataccc

ttatttccaa caataatttg

tgcaaagtaa aattttgaga

aagaaaactc aggggatgca

cagtgtaaag atttgaagat

aagataaagyg ttcaggaact

aaatacatgc caaatagggg

cgtgatcctt cataatggga

tcatgcataa aaccaactag

accaaatctt ccagacatgt

gatgacatta ttgatgttgg

cttggatggyg gtgaagagtc

caacacccte aattgttttt

ttgtaatttyg
atttggtact
aagttgatta
aaatgtaaat
cacaaggttt
caataattct
ggacaaaagg
catgcatgga
atgtgtaaaa
atgcaactag

acactcacta

ttatctettg

aagccagaag

atacaagttc

aaagacaaaa

ctacctacta

tctatcagac

tctcaaataa

gggctcaaaa

gttgaactce

atattttagt

aacacattca

agttaagaag

gtgtggtgag

aagtcaactg

ttacttgtce

tggcgatgga

atagccetttyg

taagttgttt

tttttgteet
aaatttataa
attgattcta
atttgctaat
ggagatttaa
tgaggataat
tttagtaatt
tgcecctgtyy
ccatgacatce
ttatgcatgt

agttttacac

ttcagagett

atagaagttyg

atacaaactt

agaatatatt

ctaggctatt

ttagtcaata

aatatagagg

ttgaatataa

ctcaactgta

actttggata

tccacaactt

agtagaaagg

ggctegecatg

tcaagtatga

cagttttetg

gattggggtt

attcagacgce

tgtgacacga

1799

60

120

180

240

300

360

420

480

540

600

660

684

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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tctctacagt tagaaatgcg ttacgagtag aacacttggce tgtgcagggt atagataaat 1140
gaatgacgat ttatgatatg ggttacccta ttgcttctag atacaatgtc gtatttgtcet 1200
ccettecaaa agacttaaca tcacgttttt tectettgec ttatctccac ctatgtatac 1260
aagcaggcat aaaatcattg ttgttggttt tgtcaacaac aatcattgag tttaggtaaa 1320
gttgaaactt gattgtccat tacctcttgt cactgactgt tgaagacaga attgtactga 1380
ctgtatatat caacatatgc gagacgcgtt aggcagtgga aagacgtagt taggatgtca 1440
tcataatttg tttcgtattt ttatatgtag cacagttttt atatgtatat attttatcgg 1500
gtagtttttt atcgattcag ttatttgaga aaaagtaatg cagacaaaaa gtggaaaaga 1560
caatctgact gtacataaga aatttccaat ttttgaaatt tttttataat tatcagaaat 1620
tttaaaattt ccgataaaaa catacatgta tagatcgaaa atttcaaatt tctagtactt 1680
tcaaatttct tgcagtaaaa gttgtaattt tttaaaaatt tacgataatt tacagtattt 1740
aaaaaaaaat ccaatcttaa ataaagggta taagaataaa agcactcatg tggagtggca 1800
ggtttcgtca caccctaaga acatccctaa atacaccaca tatgtataag tattaagtga 1860
ttgatgttaa gtgaaacgaa aatatttata tgtgaaattt aatattcagc ttacttgatt 1920
aaactccata gtgacccaat aagtgctaac ttttactgtc tttaccttta aatgttatat 1980
tgatttattt atgcatttct ttttcctgca tctcaatagt atatagggta tcaaatagtg 2040
attatccaaa cttaaataag ttagaggaaa caccaagata tgccatatac tctcaaattt 2100
gacactatga ttcaaagttg cacttgcata aaacttatta attcaatagt aaaaccaaac 2160
ttgtgcgtga tacagttaaa atgactaaac tactaattaa ggtccctccce attagtaaat 2220
aagttatttt tttagaaaaa gaaaataata aaaagaatga cgagtctatc taaatcatat 2280
taacaagtaa tacatattga ttcattcgat ggaggaggcc aataattgta gtaaacaagc 2340
agtgccgagg ttaatatatg ctcaagacag taaataatct aaatgaatta agacagtgat 2400
ttgcaaagag tagatgcaga gaagagaact aaagatttgc tgctacacgt atataagaat 2460
agcaacagat attcattctg tcectcectttgtg gaatatggat atctactaat catcatctat 2520
ctgtgaagaa taaaagaagc ggccacaagc gcagcgtcegce acatatgatg tgtatcaaat 2580
taggactcca tagccatgca tgctgaagaa tgtcacacac gttctgtcac acgtgttact 2640
ctctcactgt tctcectctte ctataaatca ccgcgccaca gecttcectceccac ttcaccactt 2700
caccacttca ctcacaatcc ttcattagtt gtttactatc ac 2742
<210> SEQ ID NO 31
<211> LENGTH: 445
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 31
ggccgcagat atcagatctg gtcgacctag aggatcccceg gecgcaaaga taataacaaa 60
agcctactat ataacgtaca tgcaagtatt gtatgatatt aatgttttta cgtacgtgta 120
aacaaaaata attacgtttg taacgtatgg tgatgatgtg gtgcactagyg tgtaggcctt 180
gtattaataa aaagaagttt gttctatata gagtggttta gtacgacgat ttatttacta 240
gteggattgyg aatagagaac cgaattcttc aatccttget tttgatcaag aattgaaacc 300
gaatcaaatyg taaaagttga tatatttgaa aaacgtattg agcttatgaa aatgctaata 360
ctctecatcetyg tatggaaaag tgactttaaa accgaactta aaagtgacaa aaggggaata 420
tcgcatcaaa ccgaatgaaa ccgat 445
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<210> SEQ ID NO 32
<211> LENGTH: 216

<212> TYPE:

DNA

<213> ORGANISM: Cauliflower mosaic virus

<400> SEQUENCE: 32

tcgacaagcet

gttcctatag

tttgtaaaat

atccagatcc

cgagtttete
ggtttegete
acttctatca

cccgaattaa

<210> SEQ ID NO 33
<211> LENGTH: 568

<212> TYPE:

DNA

<213> ORGANISM: Pisum

<400> SEQUENCE: 33

taattgattg

tgcttgtaat

gatggagaag

gttttttcte

gttttgagta

aaacacttgt

agaaaagctg

acttteccttt

tagttatact

tgccaattga

gttcgagtat

ttactgtgtt

agttaatgaa

ttatttgttg

aaaatgtgtc

agttgtacca

caaatgttac

atgtaatttt

catggatttg

ttgacaacat

<210> SEQ ID NO 34
<211> LENGTH: 235

<212> TYPE:

DNA

cataataatg
atgtgttgag
ataaaatttc

ttcggegtta

sativum

tatggcattg

ttttattegy

tgatatggtc

tgtgttgaat

aaatcgtgge

ttatgcttat

tgaatacaag

ccagaatcct

tagttgagta

gcatcaat

tgtgagtagt tcccagataa
catataagaa acccttagta
taattcctaa aaccaaaatc

attcag

ggaaaactgt ttttcttgta

ttttcgctat cgaactgtga

cttttgttca ttctcaaatt

ttgaaattat aagagatatg

ctctaatgac cgaagttaat

tcactaggca acaaatatat

tatgtcctet tgtgttttag

tgtcagattc taatcattge

tgaaaatatt ttttaatgca

<213> ORGANISM: Agrobacterium tumefaciens

<400> SEQUENCE: 34

ggcegecteyg
gcgagacgcece
cctgageatyg

acccgttact

agcatgcatc

tatgatcgca

tgtagctcag

atcgtatttt

<210> SEQ ID NO 35
<211> LENGTH: 605

<212> TYPE:

DNA

tagagggccc

tgatatttge

atccttacceg

tatgaataat

gctagegtta accctgettt

tttcaattct gttgtgcacy

ceggtttegyg ttcattctaa

attctccgtt caatttactg

<213> ORGANISM: Phaseolus vulgaris

<400> SEQUENCE: 35

ctaagactcc

aataatgttc

gagctcatat

taattttaaa

taaaagtata

caaaaccacc

atctgtcaca

atttacacca

attatgtcat

acatagataa

ttcectgtga

caaactaaaa

tttacactgt

ttttaaaaat

actaaccaca

cagttaaacc ctgcttatac

taaataaaat gggagcaata

ctattattca ccatgccaat

tgcttaatga tggaaaggat

aaacaaatca atataaacta

gggaattagg
tgtatttgta

cagtactaaa

ccatttgttyg
aatggaaatg
aatattattt
caaacatttt
atgaggagta
tttcagacct
acatttatga
tttataatta

ttttatgact

aatgagatat

ttgtaaaaaa

tgaatatatc

attgt

ctttcectect

aataaaatgg

tattacttca

tattataagt

acttactcte

60

120

180

216

60

120

180

240

300

360

420

480

540

568

60

120

180

235

60

120

180

240

300
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ccatctaatt tttatttaaa tttctttaca cttctcettec atttctattt ctacaacatt 360
atttaacatt tttattgtat ttttcttact ttctaactct attcatttca aaaatcaata 420
tatgtttatc accacctctc taaaaaaaac tttacaatca ttggtccaga aaagttaaat 480
cacgagatgg tcattttagc attaaaacaa cgattcttgt atcactattt ttcagcatgt 540
agtccattcet cttcaaacaa agacagcgge tatataateg ttgtgttata ttcagtctaa 600
aacaa 605
<210> SEQ ID NO 36
<211> LENGTH: 254
<212> TYPE: DNA
<213> ORGANISM: Solanum tuberosum
<400> SEQUENCE: 36
ggeegecteyg accgtaccee ctgcagatag actatactat gttttagect gectgetgge 60
tagctactat gttatgttat gttgtaaaat aaacacctgc taaggtatat ctatctatat 120
tttagcatgg ctttctcaat aaattgtctt tccttategt ttactatctt atacctaata 180
atgaaataat aatatcacat atgaggaacg gggcaggttt aggcatatat atacgagtgt 240
agggcggagt gggg 254
<210> SEQ ID NO 37
<211> LENGTH: 297
<212> TYPE: DNA
<213> ORGANISM: Vicia faba
<400> SEQUENCE: 37
atcctgcaat agaatgttga ggtgaccact ttctgtaata aaataattat aaaataaatt 60
tagaattgct gtagtcaaga acatcagttc taaaatatta ataaagttat ggccttttga 120
catatgtgtt tcgataaaaa aatcaaaata aattgagatt tattcgaaat acaatgaaag 180
tttgcagata tgagatatgt ttctacaaaa taataactta aaactcaact atatgctaat 240
gtttttcttyg gtgtgtttca tagaaaattg tatccgtttc ttagaaaatg ctcgtaa 297
<210> SEQ ID NO 38
<211> LENGTH: 24631
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Plant Expression Plasmid
<400> SEQUENCE: 38
acatacaaat ggacgaacgg ataaaccttt tcacgccctt ttaaatatcc gattattcta 60
ataaacgcte ttttetetta ggtttacceg ccaatatate ctgtcaaaca ctgatagttt 120
aaactgaagg cgggaaacga caatcagatc tagtaggaaa cagctatgac catgattacg 180
ccaagcttat ttaaatcgta ccgtactagt aacggccgece agtgtgcetgg aattcgecct 240
taaaaaagat atcgattacg ccaagctatc aactttgtat agaaaagttg ccatgattac 300
gccaagettyg gegegecctyg cagcaaattt acacattgec actaaacgtc taaacccttg 360
taatttgttt ttgttttact atgtgtgtta tgtatttgat ttgcgataaa tttttatatt 420
tggtactaaa tttataacac cttttatgct aacgtttgec aacacttagce aatttgcaag 480
ttgattaatt gattctaaat tatttttgtc ttctaaatac atatactaat caactggaaa 540
tgtaaatatt tgctaatatt tctactatag gagaattaaa gtgagtgaat atggtaccac 600
aaggtttgga gatttaattg ttgcaatgct gecatggatgg catatacacc aaacattcaa 660
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taattcttga ggataataat ggtaccacac aagatttgag gtgcatgaac gtcacgtgga 720
caaaaggttt agtaattttt caagacaaca atgttaccac acacaagttt tgaggtgcat 780
gcatggatge cctgtggaaa gtttaaaaat attttggaaa tgatttgcat ggaagccatg 840
tgtaaaacca tgacatccac ttggaggatg caataatgaa gaaaactaca aatttacatg 900
caactagtta tgcatgtagt ctatataatg aggattttgce aatactttca ttcatacaca 960
ctcactaagt tttacacgat tataatttct tcatagccag taccatggaa gttgttgaga 1020
ggttctacgg agagttggat ggaaaggttt cccaaggagt gaacgctttg ttgggatctt 1080
tcggagttga gttgactgat accccaacta ctaagggatt gccactcgtt gattctccaa 1140
ctccaattgt gttgggagtg tcectgtttact tgaccatcegt gatcggagga ttgctttgga 1200
tcaaggctag agatctcaag ccaagagctt ctgagccatt cttgttgcaa getttggtgt 1260
tggtgcacaa cttgttctge ttecgetttgt ctetttacat gtgcgtgggt atcgcttacce 1320
aagctatcac ctggagatat tceccttgtggg gaaacgctta taacccaaag cacaaggaga 1380
tggctatcct cgtttaccte ttctacatgt ccaagtacgt ggagttcatg gataccgtga 1440
tcatgatcct caagagatcc accagacaga tttectttect ccacgtgtac caccactcett 1500
ctatctceccct tatctggtgg gcetattgcecte accacgctcecce aggaggagag gcecttattgga 1560
gtgctgctet caactctgga gtgcacgtgt tgatgtacge ttactacttce ttggctgett 1620
gcttgagate ttccccaaag ctcaagaaca agtacctctt ctggggaaga tacctcaccce 1680
aattccagat gttccagttc atgctcaact tggtgcaagce ttactacgat atgaaaacca 1740
acgctccata tccacaatgg ctcatcaaga tcctctteta ctacatgatce tecctettgt 1800
tcetettegg aaacttctac gtgcaaaagt acatcaagcc atccgatgga aagcaaaagg 1860
gagctaagac cgagtgatcg acaagctcga gtttctccat aataatgtgt gagtagttcce 1920
cagataaggg aattagggtt cctatagggt ttcgctcatg tgttgagcat ataagaaacc 1980
cttagtatgt atttgtattt gtaaaatact tctatcaata aaatttctaa ttcctaaaac 2040
caaaatccag tactaaaatc cagatcccce gaattaattc ggcgttaatt cagggccggce 2100
cgatctgtcg tctcaaactc attcatcaga accttcttga acttagttat ctcecttgttca 2160
gagcttcetyg ttagcaatat gtcatcaaca tataaacatg tcccagaagc cagaagatag 2220
aagttggatg atagaagtaa agtaatgtta ctggtggagt accacaatac aagttcatac 2280
aaactttatt gtccagaaac taacaaagtt gagttcagca tagatgaaag acaaaaagaa 2340
tatattaaat gacggctgca aaataaggag taatgaatac attgacctac ctactactag 2400
gctatttata cacaatatta gggtataata aaatattaaa ataccctcta tcagacttag 2460
tcaataagac attcctaaaa tataaattat ttccaacaat aatttgtctc aaataaaata 2520
tagaggtgca aaagttaaac taagagtgca aagtaaaatt ttgagagggc tcaaaattga 2580
atataataac aatattagtg tagtttaaga aaactcaggg gatgcagttg aactccctca 2640
actgtacgta gctcctceecee tggatgcagt gtaaagattt gaagatatat tttagtactt 2700
tggatattgt aggccagagg gtgttgaaga taaaggttca ggaactaaca cattcatcca 2760
caacttctat gtgtccatcg tcagtgaaat acatgccaaa taggggagtt aagaagagta 2820
gaaagggtca agatagtgat gtgcatcgtg atccttcata atgggagtgt ggtgagggct 2880
cgcatgggag tcatactaca aagagatcat gcataaaacc aactagaagt caactgtcaa 2940
gtatgacggc tgacaattaa ccgtccacca aatcttccag acatgtttac ttgtcccagt 3000
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tttctgattt cttatatcca tacattgatg acattattga tgttggtggce gatggagatt 3060
ggggttttca tgctattaca gctttacttg gatggggtga agagtcatag cctttgattce 3120
agacgcagtt agatactcaa gttcatcaac accctcaatt gttttttaag ttgttttgtg 3180
acacgatctc tacagttaga aatgcgttac gagtagaaca cttggctgtg cagggtatag 3240
ataaatgaat gacgatttat gatatgggtt accctattgce ttctagatac aatgtcgtat 3300
ttgtcteecct tccaaaagac ttaacatcac gttttttect cttgecttat cteccacctat 3360
gtatacaagc aggcataaaa tcattgttgt tggttttgtc aacaacaatc attgagttta 3420
ggtaaagttyg aaacttgatt gtccattacc tcttgtcact gactgttgaa gacagaattg 3480
tactgactgt atatatcaac atatgcgaga cgcgttaggc agtggaaaga cgtagttagg 3540
atgtcatcat aatttgtttc gtatttttat atgtagcaca gtttttatat gtatatattt 3600
tatcgggtag ttttttatcg attcagttat ttgagaaaaa gtaatgcaga caaaaagtgg 3660
aaaagacaat ctgactgtac ataagaaatt tccaattttt gaaatttttt tataattatc 3720
agaaatttta aaatttccga taaaaacata catgtataga tcgaaaattt caaatttcta 3780
gtactttcaa atttcttgca gtaaaagttg taatttttta aaaatttacg ataatttaca 3840
gtatttaaaa aaaaatccaa tcttaaataa agggtataag aataaaagca ctcatgtgga 3900
gtggcaggtt tcgtcacacc ctaagaacat ccctaaatac accacatatg tataagtatt 3960
aagtgattga tgttaagtga aacgaaaata tttatatgtg aaatttaata ttcagcttac 4020
ttgattaaac tccatagtga cccaataagt gctaactttt actgtcttta cctttaaatg 4080
ttatattgat ttatttatgc atttcttttt cctgcatctc aatagtatat agggtatcaa 4140
atagtgatta tccaaactta aataagttag aggaaacacc aagatatgcc atatactctce 4200
aaatttgaca ctatgattca aagttgcact tgcataaaac ttattaattc aatagtaaaa 4260
ccaaacttgt gcgtgataca gttaaaatga ctaaactact aattaaggtc cctcccatta 4320
gtaaataagt tattttttta gaaaaagaaa ataataaaaa gaatgacgag tctatctaaa 4380
tcatattaac aagtaataca tattgattca ttcgatggag gaggccaata attgtagtaa 4440
acaagcagtg ccgaggttaa tatatgctca agacagtaaa taatctaaat gaattaagac 4500
agtgatttgc aaagagtaga tgcagagaag agaactaaag atttgctgct acacgtatat 4560
aagaatagca acagatattc attctgtctce tttgtggaat atggatatct actaatcatc 4620
atctatctgt gaagaataaa agaagcggcce acaagcgcag cgtcgcacat atgatgtgta 4680
tcaaattagg actccatagc catgcatgct gaagaatgtc acacacgttc tgtcacacgt 4740
gttactctet cactgttcte ctecttectat aaatcaccge gccacagett ctecacttcea 4800
ccacttcacc acttcactca caatccttca ttagttgttt actatcacag tcacaaccat 4860
ggttgatttg aagccaggag tgaagagatt ggtttcctgg aaggagatta gagagcacgce 4920
tactccagcet actgcttgga ttgtgatcca ccacaaggtg tacgatatct ccaagtggga 4980
ttctcatcca ggtggaagtyg tgatgttgac tcaggctgga gaggatgcta ctgatgettt 5040
cgectgtgtte catccatctt cecgcectttgaa gctettggag cagttctacg taagtttcetg 5100
cttctacctt tgatatatat ataataatta tcattaatta gtagtaatat aatatttcaa 5160
atattttttt caaaataaaa gaatgtagta tatagcaatt gcttttctgt agtttataag 5220
tgtgtatatt ttaatttata acttttctaa tatatgacca aaatttgttg atgtgcaggt 5280
aggagatgtg gatgagactt ccaaggctga gattgaggga gaaccagctt ctgatgagga 5340
gagagctaga agagagagga tcaacgagtt catcgcttcet tacagaaggc tcagggttaa 5400
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ggttaaggga atgggactct acgatgcttc tgctctttac tacgcttgga agctegttte 5460
taccttegga attgctgtge tetctatgge tatctgette ttcecttcaact ccecttegetat 5520
gtacatggtyg gctggagtta ttatgggact cttctaccaa caatctggat ggcttgctca 5580
cgatttcecttg cacaaccagg tgtgcgagaa cagaactttg ggaaacttga tcggatgect 5640
tgttggaaat gcttggcagg gattctctat gcaatggtgg aagaacaagc acaacttgca 5700
ccacgctgtg ccaaacttge actccgctaa ggatgaggga ttcatcggag atccagatat 5760
cgataccatg ccattgcttg cttggtctaa ggagatggct agaaaggctt tcgagtctgce 5820
tcacggacca ttcttcatca ggaaccaggc tttecttgtac ttcccattge tettgttgge 5880
tagattgtct tggctcgectce agtctttcectt ctacgtgttc accgagttcect cattcggaat 5940
cttcgataag gtggagttcg atggaccaga aaaggctgga ttgatcgtgce actacatctg 6000
gcaactcget attccatact tctgcaacat gtccttgtte gagggagttg cttacttett 6060
gatgggacaa gcttcttgcg gattgectttt ggctctegtg ttectctattg gacacaacgyg 6120
aatgtctgtg tacgagagag agaccaagcc agatttctgg caattgcaag tgactaccac 6180
cagaaacatt agggcttccg tgttcatgga ttggttcacc ggaggactca actaccaaat 6240
cgatcaccac ttgttcccat tggtgccaag acacaacttg ccaaaggtga acgtgttgat 6300
caagtctctce tgcaaggagt tcgatatcce attccacgag actggattct gggagggaat 6360
ctacgaggtt gtggatcacc tcgctgatat ctctaaggag ttcatcactg agttcccagce 6420
tatgtgagat cctgcaatag aatgttgagg tgaccacttt ctgtaataaa ataattataa 6480
aataaattta gaattgctgt agtcaagaac atcagttcta aaatattaat aaagttatgg 6540
ccttttgaca tatgtgtttc gataaaaaaa tcaaaataaa ttgagattta ttcgaaatac 6600
aatgaaagtt tgcagatatg agatatgttt ctacaaaata ataacttaaa actcaactat 6660
atgctaatgt ttttcttggt gtgtttcata gaaaattgta tccgtttctt agaaaatgcet 6720
cgtaagttta aacttagcag atatttggtg tctaaatgtt tattttgtga tatgttcatg 6780
tttgaaatgg tggtttcgaa accagggaca acgttgggat ctgatagggt gtcaaagagt 6840
attatggatt gggacaattt cggtcatgag ttgcaaattc aagtatatcg ttcgattatg 6900
aaaattttcg aagaatatcc catttgagag agtctttacc tcattaatgt ttttagatta 6960
tgaaatttta tcatagttca tcgtagtctt tttggtgtaa aggctgtaaa aagaaattgt 7020
tcacttttgt tttcgtttat gtgaaggctg taaaagattg taaaagacta ttttggtgtt 7080
ttggataaaa tgatagtttt tatagattct tttgctttta gaagaaatac atttgaaatt 7140
ttttccatgt tgagtataaa ataccgaaat cgattgaaga tcatagaaat attttaactg 7200
aaaacaaatt tataactgat tcaattctct ccatttttat acctatttaa ccgtaatcga 7260
ttctaataga tgatcgattt tttatataat cctaattaac caacggcatg tattggataa 7320
ttaaccgatc aactctcacc cctaatagaa tcagtatttt ccttcgacgt taattgatcce 7380
tacactatgt aggtcatatc catcgtttta atttttggcc accattcaat tectgtcecttgce 7440
ctttagggat gtgaatatga acggccaagg taagagaata aaaataatcc aaattaaagc 7500
aagagaggcc aagtaagata atccaaatgt acacttgtca ttgccaaaat tagtaaaata 7560
ctcggcatat tgtattccca cacattatta aaataccgta tatgtattgg ctgcatttgce 7620
atgaataata ctacgtgtaa gcccaaaaga acccacgtgt agcccatgca aagttaacac 7680
tcacgacccce attcctcagt cteccactata taaacccacc atccccaatce tcaccaaacc 7740
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caccacacaa ctcacaactc actctcacac cttaaagaac caatcaccac caaaaaacca 7800
tgggaaaagg atctgaggga agatctgctg ctagagagat gactgctgag gctaacggag 7860
ataagagaaa gaccatcctc attgagggag tgttgtacga tgctaccaac ttcaaacacc 7920
caggaggttc cattattaac ttcctcaccg agggagaagc tggagttgat gctacccaag 7980
cttacagaga gttccatcag agatccggaa aggctgataa gtacctcaag tceccctceccaa 8040
agttggatgc ttctaaggtg gagtctaggt tctcectgctaa ggagcaggct agaagggacg 8100
ctatgaccag ggattacgct gctttcagag aggagttggt tgctgaggga tacttcgatc 8160
catctatccce acacatgatc tacagagtgg tggagattgt ggctttgtte getttgtcett 8220
tctggttgat gtctaaggct tcectccaacct ctttggtttt gggagtggtg atgaacggaa 8280
tcgctcaagg aagatgcgga tgggttatge acgagatggg acacggatct ttcactggag 8340
ttatctggct cgatgatagg atgtgcgagt tcttctacgg agttggatgt ggaatgtctg 8400
gacactactyg gaagaaccag cactctaagc accacgctge tccaaacaga ttggagcacyg 8460
atgtggattt gaacaccttg ccactcgttg ctttcaacga gagagttgtg aggaaggtta 8520
agccaggatce tttgttgget ttgtggctca gagttcagge ttatttgtte getccagtgt 8580
cttgcttgtt gatcggattg ggatggacct tgtacttgca cccaagatat atgctcagga 8640
ccaagagaca catggagttt gtgtggatct tcgctagata tatcggatgg ttctecttga 8700
tgggagcecttt gggatattct cctggaactt ctgtgggaat gtacctctge tetttceggac 8760
ttggatgcat ctacatcttc ctccaattcg ctgtgtctca cacccacttg ccagttacca 8820
acccagagga tcaattgcac tggcttgagt acgctgctga tcacaccgtg aacatctcta 8880
ccaagtcecttg gttggttacc tggtggatgt ctaacctcaa cttccaaatc gagcaccact 8940
tgttcccaac cgctccacaa ttcaggttca aggagatctce tccaagagtt gaggctctcet 9000
tcaagagaca caacctcecct tactacgatt tgccatacac ctctgectgtt tcectactacct 9060
tcgctaacct ctactctgtt ggacactctg ttggagctga taccaagaag caggattgac 9120
tgctttaatg agatatgcga gacgcctatg atcgcatgat atttgecttte aattctgttg 9180
tgcacgttgt aaaaaacctg agcatgtgta gctcagatcc ttaccgccgg tttecggttca 9240
ttctaatgaa tatatcaccc gttactatcg tatttttatg aataatattc tccgttcaat 9300
ttactgattg tgtcgacgcg atcgcecgtgcg cacgggceccce ctgcaggatt taaatccecgg 9360
gggtacccaa gtttgtacaa aaaagcaggc tccatgatta cgccaagett cccaattcega 9420
ggtacccteg acggcccgga ctgtatccaa cttctgatcet ttgaatctcet ctgttccaac 9480
atgttctgaa ggagttctaa gacttttcag aaagcttgta acatgctttg tagactttcet 9540
ttgaattact cttgcaaact ctgattgaac ctacgtgaaa actgctccag aagttctaac 9600
caaattccgt cttgggaagg cccaaaattt attgagtact tcagtttcat ggacgtgtct 9660
tcaaagattt ataacttgaa atcccatcat ttttaagaga agttctgttc cgcaatgtct 9720
tagatctcat tgaaatctac aactcttgtg tcagaagttc ttccagaatc aacttgcatc 9780
atggtgaaaa tctggccaga agttctgaac ttgtcatatt tcttaacagt tagaaaaatt 9840
tctaagtgtt tagaattttg acttttccaa agcaaacttg acttttgact ttcttaataa 9900
aacaaacttc atattctaac atgtcttgat gaaatgtgat tcttgaaatt tgatgttgat 9960
gcaaaagtca aagtttgact tttcagtgtg caattgacca ttttgctctt gtgccaattce 10020
caaacctaaa ttgatgtatc agtgctgcaa acttgatgtc atggaagatc ttatgagaaa 10080
attcttgaag actgagagga aaaattttgt agtacaacac aaagaatcct gtttttcata 10140
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gtcggactag acacattaac ataaaacacc acttcattcg aagagtgatt gaagaaggaa 10200
atgtgcagtt acctttctgc agttcataag agcaacttac agacactttt actaaaatac 10260
tacaaagagg aagattttaa caacttagag aagtaatggg agttaaagag caacacatta 10320
agggggagtyg ttaaaattaa tgtgttgtaa ccaccactac ctttagtaag tattataaga 10380
aaattgtaat catcacatta taattattgt ccttatttaa aattatgata aagttgtatc 10440
attaagattg agaaaaccaa atagtcctcg tcttgatttt tgaattattg ttttcectatgt 10500
tacttttctt caagcctata taaaaacttt gtaatgctaa attgtatgct ggaaaaaaat 10560
gtgtaatgaa ttgaatagaa attatggtat ttcaaagtcc aaaatccatc aatagaaatt 10620
tagtacaaaa cgtaactcaa aaatattctc ttattttaaa ttttacaaca atataaaaat 10680
attctcttat tttaaatttt acaataatat aatttatcac ctgtcacctt tagaatacca 10740
ccaacaatat taatacttag atattttatt cttaataatt ttgagatctc tcaatatatc 10800
tgatatttat tttatatttg tgtcatattt tcttatgttt tagagttaac ccttatatct 10860
tggtcaaact agtaattcaa tatatgagtt tgtgaaggac acattgacat cttgaaacat 10920
tggttttaac cttgttggaa tgttaaaggt aataaaacat tcagaattat gaccatctat 10980
taatatactt cctttgtctt ttaaaaaagt gtgcatgaaa atgctctatg gtaagctaga 11040
gtgtcttget ggcctgtgta tatcaattcc atttccagat ggtagaaact gccactacga 11100
ataattagtc ataagacacg tatgttaaca cacgtccecct tgcatgtttt ttgccatata 11160
ttcecgtetet ttetttttet tcacgtataa aacaatgaac taattaatag agcgatcaag 11220
ctgaaccatg cgcgccacca tgtgtgttga gaccgagaac aacgatggaa tccctactgt 11280
ggagatcgcet ttcgatggag agagagaaag agctgaggct aacgtgaagt tgtctgctga 11340
gaagatggaa cctgctgctt tggctaagac cttcgctaga agatacgtgg ttatcgaggg 11400
agttgagtac gatgtgaccg atttcaaaca tcctggagga accgtgattt tctacgctcet 11460
ctctaacact ggagctgatg ctactgaggc tttcaaggag ttccaccaca gatctagaaa 11520
ggctaggaag gctttggctg ctttgectte tagacctget aagaccgcta aagtggatga 11580
tgctgagatg ctccaggatt tcgctaagtg gagaaaggag ttggagaggg acggattctt 11640
caagccttet cctgctcatg ttgcttacag attcgctgag ttggctgcta tgtacgettt 11700
gggaacctac ttgatgtacg ctagatacgt tgtgtcctet gtgttggttt acgettgett 11760
cttcggaget agatgtggat gggttcaaca tgagggagga cattcttcett tgaccggaaa 11820
catctggtgg gataagagaa tccaagcttt cactgctgga ttcggattgg ctggatctgg 11880
agatatgtgg aactccatgc acaacaagca ccatgctact cctcaaaaag tgaggcacga 11940
tatggatttg gataccactc ctgctgttge tttcecttcaac accgectgtgg aggataatag 12000
acctagggga ttctctaagt actggctcag attgcaagct tggaccttca ttcecctgtgac 12060
ttectggattg gtgttgctet tetggatgtt cttectecat ccttectaagg ctttgaaggg 12120
aggaaagtac gaggagcttg tgtggatgtt ggctgctcat gtgattagaa cctggaccat 12180
taaggctgtt actggattca ccgctatgca atcctacgga ctcttettgg ctacttettg 12240
ggtttccgga tgctacttgt tcgcectcactt ctctacttet cacacccatt tggatgttgt 12300
tcetgetgat gagcatttgt cttgggttag gtacgctgtg gatcacacca ttgatatcga 12360
tcettetcag ggatgggtta actggttgat gggatacttg aactgccaag tgattcatca 12420
cctettecct tetatgcecte aattcagaca acctgaggtg tccagaagat tegttgettt 12480
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cgctaagaag tggaacctca actacaaggt gatgacttat gctggagctt ggaaggctac 12540
tttgggaaac ctcgataatg tgggaaagca ctactacgtg cacggacaac attctggaaa 12600
gaccgcttga taattaatta aggccgcectc gaccgtaccce cctgcagata gactatacta 12660
tgttttagce tgcctgctgg ctagctacta tgttatgtta tgttgtaaaa taaacacctg 12720
ctaaggtata tctatctata ttttagcatg gctttctcaa taaattgtct ttccttatcg 12780
tttactatct tatacctaat aatgaaataa taatatcaca tatgaggaac ggggcaggtt 12840
taggcatata tatacgagtg tagggcggag tgggggggat cgggggtacc acccagcecttt 12900
cttgtacaaa gtggccatga ttacgccaag ctctccaccg cggtggcecgge cgctcectagee 12960
caagctttaa ggatgaccta cccattcttg agacaaatgt tacattttag tatcagagta 13020
aaatgtgtac ctataactca aattcgattg acatgtatcc attcaacata aaattaaacc 13080
agcctgcacce tgcatccaca tttcaagtat tttcaaaccg ttcecggctcect atccaccggg 13140
tgtaacaaga cggattccga atttggaaga ttttgactca aattcccaat ttatattgac 13200
cgtgactaaa tcaactttaa cttctataat tctgattaag ctcccaattt atattcccaa 13260
cggcactacc tccaaaattt atagactctc atcccctttt aaaccaactt agtaaacgtt 13320
ttttttttaa ttttatgaag ttaagttttt accttgtttt taaaaagaat cgttcataag 13380
atgccatgcce agaacattag ctacacgtta cacatagcat gcagccgcgg agaattgttt 13440
ttecttegeca cttgtcacte ccttcaaaca cctaagagcet tctcectcectcac agcacacaca 13500
tacaatcaca tgcgtgcatg cattattaca cgtgatcgcce atgcaaatct cctttatage 13560
ctataaatta actcatcggc ttcactcttt actcaaacca aaactcatca atacaaacaa 13620
gattaaaaac ataaggcgcg ccggatccge catggctatt ttgaaccctg aggctgatte 13680
tgctgctaac ctcgctactg attctgaggce taagcaaaga caattggctg aggctggata 13740
cactcatgtt gagggtgctc ctgctecttt gcectttggag ttgcctcatt tcectctetcag 13800
agatctcaga gctgctattce ctaagcactg cttcgagaga tctttecgtga cctccaccta 13860
ctacatgatc aagaacgtgt tgacttgcgc tgctttgtte tacgctgcta ccttcattga 13920
tagagctgga gctgctgett atgttttgtg gcecctgtgtac tggttcecttee agggatctta 13980
cttgactgga gtgtgggtta tcgctcatga gtgtggacat caggcttatt gctcttctga 14040
ggtggtgaac aacttgattg gactcgtgtt gcattctget ttgttggtgce cttaccacte 14100
ttggagaatc tctcacagaa agcaccattc caacactgga tcttgcgaga acgatgaggt 14160
tttegttect gtgaccagat ctgtgttgge ttcttcecttgg aacgagacct tggaggattce 14220
tcetetetac caactctacce gtatcecgtgta catgttggtt gttggatgga tgcctggata 14280
cctettette aacgctactg gacctactaa gtactgggga aagtctaggt ctcacttcaa 14340
ccettactee getatctatg ctgataggga gagatggatg atcgtgcetet ccgatatttt 14400
cttggtggct atgttggetg ttttggctge tttggtgcac actttcectcect tcaacaccat 14460
ggtgaagttc tacgtggtgc cttacttcat tgtgaacgcet tacttggtgt tgattaccta 14520
cctccaacac accgatacct acatccectca tttcagagag ggagagtgga attggttgag 14580
aggagctttg tgcactgtgg atagatcatt tggtccattc ctcgattctg tggtgcatag 14640
aatcgtggat acccatgttt gccaccacat cttctccaag atgectttet atcattgega 14700
ggaggctacc aacgctatta agcctctecct cggaaagttc tacttgaagg ataccactcc 14760
tgttcetgtt gectctctgga gatcttacac ccattgcaag ttcecgttgagg atgatggaaa 14820
ggtggtgttc tacaagaaca agctctagtt aattaaggcc gcctcgagca tgcatctaga 14880
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gggceccgceta gegttaacce tgctttaatg agatatgcga gacgcctatg atcgcatgat 14940
atttgctttc aattctgttg tgcacgttgt aaaaaacctg agcatgtgta gctcagatcce 15000
ttaccgecgg tttcecggttca ttctaatgaa tatatcacce gttactatcg tatttttatg 15060
aataatattc tccgttcaat ttactgattg tccgtcgage atatgctaga ggatccccgg 15120
gtacccaact ttattataca tagttgataa ttcactggcc ggatatcttt tttaagggcg 15180
aattctgcag atatccatca cactggcggce cgctcgaggt accatcgttc aaacatttgg 15240
caataaagtt tcttaagatt gaatcctgtt gccggtcttg cgatgattat catataattt 15300
ctgttgaatt acgttaagca tgtaataatt aacatgtaat gcatgacgtt atttatgaga 15360
tgggttttta tgattagagt cccgcaatta tacatttaat acgcgataga aaacaaaata 15420
tagcgcgcaa actaggataa attatcgcge gcggtgtcat ctatgttact agatcgggca 15480
ttaccctgtt atccctagag gggaaaattc gaatccaaaa attacggata tgaatatagg 15540
catatccgta tccgaattat ccgtttgaca gctagcaacg attgtacaat tgcttettta 15600
aaaaaggaag aaagaaagaa agaaaagaat caacatcagc gttaacaaac ggccccgtta 15660
cggcccaaac ggtcatatag agtaacggcg ttaagcgttg aaagactcct atcgaaatac 15720
gtaaccgcaa acgtgtcata gtcagatccc ctcttectte accgcecctcaa acacaaaaat 15780
aatcttctac agcctatata tacaaccccce ccttctatcet ctectttete acaattcatce 15840
atctttettt ctctacccecc aattttaaga aatcctcectet tcetectette attttcaagg 15900
taaatctctce tectctctete tetctetgtt atteccttgtt ttaattaggt atgtattatt 15960
gctagtttgt taatctgctt atcttatgta tgccttatgt gaatatcttt atcttgttca 16020
tctcateccgt ttagaagcta taaatttgtt gatttgactg tgtatctaca cgtggttatg 16080
tttatatcta atcagatatg aatttcttca tattgttgcg tttgtgtgta ccaatccgaa 16140
atcgttgatt tttttcattt aatcgtgtag ctaattgtac gtatacatat ggatctacgt 16200
atcaattgtt catctgtttg tgtttgtatg tatacagatc tgaaaacatc acttctctca 16260
tctgattgtg ttgttacata catagatata gatctgttat atcatttttt ttattaattg 16320
tgtatatata tatgtgcata gatctggatt acatgattgt gattatttac atgattttgt 16380
tatttacgta tgtatatatg tagatctgga ctttttggag ttgttgactt gattgtattt 16440
gtgtgtgtat atgtgtgttc tgatcttgat atgttatgta tgtgcagctg aaccatggcg 16500
gcggcaacaa caacaacaac aacatcttct tcgatctcecet tcectccaccaa accatctect 16560
tcetecteca aatcaccatt accaatctcece agattctecce teccattcte cctaaacccece 16620
aacaaatcat cctcecctcecte cecgceccgecge ggtatcaaat ccagectctece ctectecate 16680
tcegeegtge tcaacacaac caccaatgtce acaaccactce cctcectccaac caaacctacce 16740
aaacccgaaa cattcatcte ccgatteget ccagatcaac cccgcaaagg cgctgatatce 16800
ctcgtecgaag ctttagaacg tcaaggcgta gaaaccgtat tcgcttacce tggaggtaca 16860
tcaatggaga ttcaccaagc cttaacccgce tcttcecctcaa tccgtaacgt ccttectegt 16920
cacgaacaag gaggtgtatt cgcagcagaa ggatacgctc gatcctcagg taaaccaggt 16980
atctgtatag ccacttcagg tcccggagct acaaatctcg ttagcggatt agccgatgeg 17040
ttgttagata gtgttcctect tgtagcaatc acaggacaag tccctegteg tatgattggt 17100
acagatgcgt ttcaagagac tccgattgtt gaggtaacgce gttcgattac gaagcataac 17160
tatcttgtga tggatgttga agatatccct aggattattg aggaagcttt ctttttaget 17220
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acttctggta gacctggacc tgttttggtt gatgttccta aagatattca acaacagctt 17280
gcgattceccta attgggaaca ggctatgaga ttacctggtt atatgtctag gatgcctaaa 17340
cctcecggaag attctcattt ggagcagatt gttaggttga tttctgagtce taagaagcct 17400
gtgttgtatg ttggtggtgg ttgtttgaat tctagcgatg aattgggtag gtttgttgag 17460
cttacgggga tccctgttge gagtacgttg atggggctgg gatcttatce ttgtgatgat 17520
gagttgtcegt tacatatgct tggaatgcat gggactgtgt atgcaaatta cgctgtggag 17580
catagtgatt tgttgttggc gtttggggta aggtttgatg atcgtgtcac gggtaagctt 17640
gaggcttttyg ctagtagggc taagattgtt catattgata ttgactcggc tgagattggg 17700
aagaataaga ctcctcatgt gtctgtgtgt ggtgatgtta agctggcettt gcaagggatg 17760
aataaggttc ttgagaaccg agcggaggag cttaagcttg attttggagt ttggaggaat 17820
gagttgaacg tacagaaaca gaagtttccg ttgagcttta agacgtttgg ggaagctatt 17880
cctccacagt atgcgattaa ggtccttgat gagttgactg atggaaaagc cataataagt 17940
actggtgtcg ggcaacatca aatgtgggcg gcgcagttct acaattacaa gaaaccaagg 18000
cagtggctat catcaggagg ccttggagct atgggatttg gacttcctge tgcgattgga 18060
gcgtetgttyg ctaaccctga tgcgatagtt gtggatattg acggagatgg aagctttata 18120
atgaatgtgc aagagctagc cactattcgt gtagagaatc ttccagtgaa ggtactttta 18180
ttaaacaacc agcatcttgg catggttatg caatgggaag atcggttcta caaagctaac 18240
cgagctcaca catttctecgg ggatcceggct caggaggacg agatattccce gaacatgttg 18300
ctgtttgcag cagcttgcgg gattccagcg gcgagggtga caaagaaagc agatctccga 18360
gaagctattc agacaatgct ggatacacca ggaccttacc tgttggatgt gatttgtccg 18420
caccaagaac atgtgttgcc gatgatcccg aatggtggca ctttcaacga tgtcataacg 18480
gaaggagatg gccggattaa atactgatag ggataacagg gtaatttccc gacccaagct 18540
ctagatcttg ctgcgttcgg atattttcegt ggagttcccg ccacagaccce ggatgatcce 18600
cgatcgttca aacatttggc aataaagttt cttaagattg aatcctgttg ccggtettge 18660
gatgattatc atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg 18720
catgacgtta tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata 18780
cgcgatagaa aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgceg cggtgtcatce 18840
tatgttacta gatcgggcct cctgtcaage tctgcttggt aataattgtce attagattgt 18900
ttttatgcat agatgcactc gaaatcagcc aattttagac aagtatcaaa cggatgttaa 18960
ttcagtacat taaagacgtc cgcaatgtgt tattaagttg tctaagcgtc aatttgttta 19020
caccacaata tatcctgcca ccagccagcec aacagctcecce cgaccggcag ctcggcacaa 19080
aatcaccacg cgttaccacc acgccggcecg gccgcatggt gttgaccgtg ttegecggeca 19140
ttgccgagtt cgagcgttec ctaatcatcg accgcacccg gagcegggcegce gaggcecgcecca 19200
aggcccgagg cgtgaagttt ggcccccgece ctaccctcac cccggcacag atcgegcacg 19260
ccegegaget gatcgaccag gaaggcecgca ccgtgaaaga ggcggctgca ctgcecttggeg 19320
tgcatcgecte gaccctgtac cgcgcacttg agcgcagcga ggaagtgacg cccaccgagg 19380
ccaggceggceg cggtgcectte cgtgaggacg cattgaccga ggccgacgcece ctggeggcceg 19440
ccgagaatga acgccaagag gaacaagcat gaaaccgcac caggacggcc aggacgaacc 19500
gtttttcatt accgaagaga tcgaggcgga gatgatcgceg gccgggtacg tgttcgagee 19560
gccegegeac gtcectcaaccg tgcggctgca tgaaatcctg gecggtttgt ctgatgccaa 19620
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gctggeggece tggccggceca gcttggecge tgaagaaacc gagcgccgcece gtctaaaaag 19680
gtgatgtgta tttgagtaaa acagcttgcg tcatgcggte gctgcgtata tgatgcgatg 19740
agtaaataaa caaatacgca aggggaacgc atgaaggtta tcgctgtact taaccagaaa 19800
ggcgggtcag gcaagacgac catcgcaacc catctagccec gcgecctgca actegecggg 19860
gccgatgtte tgttagtcga ttecgatcecce cagggcagtg cccgcgattg ggeggccegtg 19920
cgggaagatc aaccgctaac cgttgtcgge atcgaccgce cgacgattga ccgcgacgtg 19980
aaggccatcg geccggcgega cttegtagtg atcgacggag cgccccaggce ggcggacttg 20040
gctgtgteceg cgatcaagge agccgacttce gtgctgatte cggtgcagcec aagceccttac 20100
gacatatggg ccaccgccga cctggtggag ctggttaage agcgcattga ggtcacggat 20160
ggaaggctac aagcggcectt tgtegtgteg cgggcgatca aaggcacgcg catcggceggt 20220
gaggttgcceg aggcgctgge cgggtacgag ctgcccatte ttgagtcccg tatcacgcag 20280
cgegtgaget acccaggcac tgccgcecgcece ggcacaaccg ttcettgaatce agaacccgag 20340
ggcgacgcetyg cccgcgaggt ccaggcgctg gecgctgaaa ttaaatcaaa actcatttga 20400
gttaatgagg taaagagaaa atgagcaaaa gcacaaacac gctaagtgcc ggccgtccga 20460
gcgcacgcag cagcaaggct gcaacgttgg ccagectgge agacacgcca gccatgaage 20520
gggtcaactt tcagttgccg gcggaggatc acaccaagct gaagatgtac gcggtacgcce 20580
aaggcaagac cattaccgag ctgctatctg aatacatcgce gcagctacca gagtaaatga 20640
gcaaatgaat aaatgagtag atgaatttta gcggctaaag gaggcggcat ggaaaatcaa 20700
gaacaaccag gcaccgacgce cgtggaatgce cccatgtgtg gaggaacggg cggttggcca 20760
ggcgtaageg getgggttgt ctgccggccece tgcaatggca ctggaacccce caagcccgag 20820
gaatcggegt gagcggtcge aaaccatcecg geccggtaca aatcggcgceg gcgetgggtg 20880
atgacctggt ggagaagttg aaggccgcgce aggccgccca gcggcaacgce atcgaggcag 20940
aagcacgccce cggtgaatcg tggcaagcgg ccgctgatcg aatccgcaaa gaatcccgge 21000
aaccgceceggce agccggtgeg cegtcecgatta ggaagccgcece caagggcgac gagcaaccag 21060
attttttegt teccgatgcte tatgacgtgg gcacccgcga tagtcgcage atcatggacg 21120
tggcecgtttt cecgtetgteg aagcgtgacce gacgagcetgg cgaggtgatc cgctacgage 21180
ttccagacgg gcacgtagag gtttcecegcag ggccggecgg catggceccagt gtgtgggatt 21240
acgacctggt actgatggcg gtttceccatce taaccgaatce catgaaccga taccgggaag 21300
ggaagggaga caagcccggce cgegtgttec gtccacacgt tgcggacgta ctcaagttet 21360
gccggcgage cgatggcgga aagcagaaag acgacctggt agaaacctgce attceggttaa 21420
acaccacgca cgttgccatg cagcgtacga agaaggccaa gaacggccgce ctggtgacgg 21480
tatccgaggg tgaagccttg attagecgcet acaagatcgt aaagagcgaa accgggcggce 21540
cggagtacat cgagatcgag ctagctgatt ggatgtaccg cgagatcaca gaaggcaaga 21600
acccggacgt gectgacggtt caccccgatt actttttgat cgatcccgge atcggecgtt 21660
ttectectaceg cctggcacge cgcgecgcag gcaaggcaga agccagatgg ttgttcaaga 21720
cgatctacga acgcagtggc agcgccggag agttcaagaa gttcetgtttce accgtgegca 21780
agctgatcgg gtcaaatgac ctgccggagt acgatttgaa ggaggaggcg gggcaggctg 21840
gcccgatect agtcatgcecge taccgcaacce tgatcgaggg cgaagcatcce gcecceggttect 21900
aatgtacgga gcagatgcta gggcaaattg ccctagcagg ggaaaaaggt cgaaaaggtce 21960
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tctttectgt ggatagcacyg tacattggga acccaaagce gtacattggg aaccggaacce 22020
cgtacattgg gaacccaaag ccgtacattg ggaaccggtc acacatgtaa gtgactgata 22080
taaaagagaa aaaaggcgat ttttccgcect aaaactcttt aaaacttatt aaaactctta 22140
aaacccgcect ggectgtgca taactgtcectg gccagcgcac agccgaagag ctgcaaaaag 22200
cgectaccct teggtegetg cgcteectac gcceccgecge ttegegtegg cctategegg 22260
ccgctggecg ctcaaaaatg getggectac ggccaggcaa tctaccaggg cgcggacaag 22320
ccgegecegte gecactcgac cgccggcgcece cacatcaagg caccctgect cgegegttte 22380
ggtgatgacg gtgaaaacct ctgacacatg cagctcccgg agacggtcac agettgtcectg 22440
taagcggatg ccgggagcag acaagcccgt cagggcgegt cagegggtgt tggcgggtgt 22500
cggggcgcag ccatgaccca gtcacgtage gatagcggag tgtatactgg cttaactatg 22560
cggcatcaga gcagattgta ctgagagtgc accatatgcg gtgtgaaata ccgcacagat 22620
gcgtaaggag aaaataccgce atcaggceget cttceecgette ctecgctcact gactcgetge 22680
gcteggtegt teggetgegg cgagcggtat cagctcacte aaaggcggta atacggttat 22740
ccacagaatc aggggataac gcaggaaaga acatgtgagc aaaaggccag caaaaggcca 22800
ggaaccgtaa aaaggccgcg ttgctggegt ttttecatag gcteccgeccce cctgacgage 22860
atcacaaaaa tcgacgctca agtcagaggt ggcgaaaccce gacaggacta taaagatacc 22920
aggcgtttce cecctggaage teccctegtge gctectectgt teccgaccctg cegcttacceg 22980
gatacctgtc cgecctttcte ccttegggaa gegtggeget ttcectcatagce tcacgctgta 23040
ggtatctcag ttcggtgtag gtcegtteget ccaagetggg ctgtgtgcac gaaccccceccg 23100
ttcagceccga ccgctgcgece ttatcceggta actatcgtcet tgagtccaac ccggtaagac 23160
acgacttatc gccactggca gcagccactg gtaacaggat tagcagagcg aggtatgtag 23220
gcggtgctac agagttcecttg aagtggtgge ctaactacgg ctacactaga aggacagtat 23280
ttggtatctg cgctctgetyg aagccagtta ccttcggaaa aagagttggt agctcettgat 23340
ccggcaaaca aaccaccgct ggtageggtg gtttttttgt ttgcaagcag cagattacge 23400
gcagaaaaaa aggatctcaa gaagatcctt tgatctttte tacggggtct gacgctcagt 23460
ggaacgaaaa ctcacgttaa gggattttgg tcatgcatga tatatctccc aatttgtgta 23520
gggcttatta tgcacgctta aaaataataa aagcagactt gacctgatag tttggctgtg 23580
agcaattatg tgcttagtgc atctaacgct tgagttaagce cgcgccgcga agcggcegtceg 23640
gcttgaacga atttctagct agacattatt tgccgactac cttggtgatc tcgectttca 23700
cgtagtggac aaattcttcc aactgatctg cgcgcgaggce caagcgatct tettettgte 23760
caagataagc ctgtctagct tcaagtatga cgggctgata ctgggccggce aggcgctcca 23820
ttgcccagte ggcagcgaca tectteggeg cgattttgee ggttactgeg ctgtaccaaa 23880
tgcgggacaa cgtaagcact acatttcgcet catcgccage ccagtcgggce ggcgagttcece 23940
atagcgttaa ggtttcattt agcgcctcaa atagatcctg ttcaggaacc ggatcaaaga 24000
gttecctecege cgctggacct accaaggcaa cgctatgtte tcettgcetttt gtcagcaaga 24060
tagccagatc aatgtcgatc gtggctggcet cgaagatacce tgcaagaatg tcattgecget 24120
gccattctec aaattgcagt tcgegcttag ctggataacg ccacggaatg atgtegtcegt 24180
gcacaacaat ggtgacttct acagcgcgga gaatctcget ctcectccaggg gaagccgaag 24240
tttccaaaag gtcgttgatc aaagctcgcece gcegttgttte atcaagectt acggtcaccg 24300
taaccagcaa atcaatatca ctgtgtggct tcaggccgce atccactgcg gagccgtaca 24360



117

US 9,428,757 B2

118

-continued
aatgtacggc cagcaacgtc ggttcgagat ggcgctcgat gacgccaact acctctgata 24420
gttgagtcga tacttcggcg atcaccgctt cccccatgat gtttaacttt gttttaggge 24480
gactgccetg ctgecgtaaca tcecgttgetge tccataacat caaacatcga cccacggcegt 24540
aacgcgcettg ctgcttggat geccgaggca tagactgtac cccaaaaaaa cagtcataac 24600
aagccatgaa aaccgccact gecgttecatg g 24631
<210> SEQ ID NO 39
<211> LENGTH: 24356
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Plant Expression Plasmid
<400> SEQUENCE: 39
tgatcatcta aaaaggtgat gtgtatttga gtaaaacagce ttgcgtcatg cggtegetge 60
gtatatgatg cgatgagtaa ataaacaaat acgcaagggg aacgcatgaa ggttatcget 120
gtacttaacc agaaaggcgg gtcaggcaag acgaccatcg caacccatct ageccgegec 180
ctgcaacteg ccggggecga tgttctgtta gtegatteeg atccccaggyg cagtgeccge 240
gattgggegyg cegtgcggga agatcaaccg ctaaccegttg teggcatcga cegeccgacyg 300
attgaccgeg acgtgaaggce catcggecgg cgegactteg tagtgatcga cggagegece 360
caggcggegg acttggetgt gtccgegate aaggcagecg acttegtget gattecggtg 420
cagccaagcee cttacgacat ttgggecacce gecgacctgg tggagetggt taagcagcege 480
attgaggtca cggatggaag gctacaageg gectttgteg tgtegeggge gatcaaagge 540
acgcgecateg geggtgaggt tgccgaggeg ctggecgggt acgagcetgece cattcttgag 600
tcecegtatca cgcagegegt gagctaccca ggcactgeceg cegecggceac aaccgttett 660
gaatcagaac ccgagggcga cgctgeccge gaggtecagg cgctggecge tgaaattaaa 720
tcaaaactca tttgagttaa tgaggtaaag agaaaatgag caaaagcaca aacacgctaa 780
gtgccggeeyg tecgagcegca cgcagcagca aggctgcaac gttggecage ctggcagaca 840
cgccagecat gaagegggtce aactttcagt tgecggegga ggatcacacce aagctgaaga 900
tgtacgcggt acgccaaggce aagaccatta ccgagctget atctgaatac atcgegcage 960
taccagagta aatgagcaaa tgaataaatg agtagatgaa ttttagcggc taaaggaggc 1020
ggcatggaaa atcaagaaca accaggcacc gacgcegtgg aatgccccat gtgtggagga 1080
acgggcggtt ggccaggcegt aagcggctgg gttgtctgece ggccctgcaa tggcactgga 1140
acccecaage ccgaggaatc ggcgtgageg gtegcaaace atccggceccyg gtacaaatcg 1200
gegeggeget gggtgatgac ctggtggaga agttgaagge cgcgcaggec geccagegge 1260
aacgcatcga ggcagaagca cgccceggtg aatcgtggea aggggccget gatcgaatce 1320
gcaaagaatc ccggcaaccg ccggcagecg gtgcgecgte gattaggaag cegeccaagyg 1380
gcgacgagca accagatttt ttegttcecga tgctctatga cgtgggcacce cgcgatagtce 1440
gcagcatcat ggacgtggce gttttcecegte tgtcgaageg tgaccgacga gctggcgagyg 1500
tgatccgecta cgagctteca gacgggcacg tagaggtttce cgcaggcccce gecggcatgg 1560
ccagtgtgtg ggattacgac ctggtactga tggcggtttc ccatctaacc gaatccatga 1620
accgataccg ggaagggaag ggagacaagce ccggecgegt gtteecgteca cacgttgegg 1680
acgtactcaa gttctgecgg cgagccgatg geggaaagca gaaagacgac ctggtagaaa 1740
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cctgcatteg gttaaacacce acgcacgttg ccatgcageg taccaagaag gccaagaacg 1800
gccgectggt gacggtatce gagggtgaag ccttgattag ccgctacaag atcgtaaaga 1860
gcgaaaccgg gcggcecggag tacatcgaga tcgagcecttge tgattggatg taccgcgaga 1920
tcacagaagg caagaacccg gacgtgctga cggttcaccce cgattacttt ttgatcgacc 1980
ceggeategg cegttttete taccgectgg cacgecgege cgcaggcaag gcagaagcca 2040
gatggttgtt caagacgatc tacgaacgca gtggcagcgc cggagagttc aagaagttct 2100
gtttcaccgt gcgcaagctg atcgggtcaa atgacctgec ggagtacgat ttgaaggagg 2160
aggcggggca ggctggeccg atcctagtca tgegctaceg caacctgatce gagggcgaag 2220
catccgecgg ttcectaatgt acggagcaga tgctagggca aattgecccta gcaggggaaa 2280
aaggtcgaaa aggtctcttt cctgtggata gcacgtacat tgggaaccca aagccgtaca 2340
ttgggaaccyg gaacccgtac attgggaacc caaagccgta cattgggaac cggtcacaca 2400
tgtaagtgac tgatataaaa gagaaaaaag gcgatttttc cgcctaaaac tctttaaaac 2460
ttattaaaac tcttaaaacc cgcctggcect gtgcataact gtctggccag cgcacagecg 2520
aagagctgca aaaagcgcct accctteggt cgetgcecgetce cctacgceccece gecgettege 2580
gtcggectat cgcggectat gcggtgtgaa ataccgcaca gatgcgtaag gagaaaatac 2640
cgcatcaggce gctcecttceege ttectegete actgactege tgcgetcecggt cgtteggetg 2700
cggcgagcegg tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat 2760
aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccyg taaaaaggcce 2820
gcgttgetgg cgtttttcecca taggctecge ccccctgacyg agcatcacaa aaatcgacgce 2880
tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcgtt tecccectgga 2940
agctcecteg tgcgectctee tgttceccgace ctgccgetta ccggatacct gteccgecttt 3000
ctceccttegg gaagegtgge getttcetcat agctcacget gtaggtatct cagtteggtg 3060
taggtcgttc gectccaaget gggctgtgtg cacgaaccce ccgttcagece cgaccgctgce 3120
gccttateeg gtaactatcg tcttgagtcce aacccggtaa gacacgactt atcgccactg 3180
gcagcagceca ctggtaacag gattagcaga gcgaggtatg taggcggtgce tacagagttce 3240
ttgaagtggt ggcctaacta cggctacact agaaggacag tatttggtat ctgcgctctg 3300
ctgaagccag ttaccttcegg aaaaagagtt ggtagctcett gatccggcaa acaaaccacc 3360
gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct 3420
caagaagatc ctttgatctt ttctacgggg tccttcaact catcgatagt ttggctgtga 3480
gcaattatgt gcttagtgca tctaacgctt gagttaagcc gegccgcgaa gcggcgtegg 3540
cttgaacgaa tttctagcta gacattattt gccaacgacc ttcgtgatct cgcccttgac 3600
atagtggaca aattcttcga gctggtecgge ccgggacgceg agacggtctt cttettggece 3660
cagataggct tggcgcgcett cgaggatcac gggctggtat tgcgccggaa ggcgctcecat 3720
cgcccagteg geggcgacat ccttceggcege gatcttgecg gtaaccgceg agtaccaaat 3780
cecggetcage gtaaggacca cattgegete ategeccgece caatcceggeyg gggagttceca 3840
cagggtcagc gtctcgttca gtgcttcgaa cagatcctgt tccggcaccg ggtcgaaaag 3900
ttecteggee geggggccega cgagggccac gctatgetece cgggecttgg tgagcaggat 3960
cgccagatca atgtcgatgg tggccggttce aaagataccce gccagaatat cattacgcetg 4020
ccattcgececg aactggagtt cgecgtttgge cggatagege caggggatga tgtcatcecgtg 4080
caccacaatc gtcacctcaa ccgcgegeag gatttegete tegecggggyg aggcggacgt 4140
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ttccagaagg tcgttgataa gegcgceggceg cgtggteteg tcgagacgga cggtaacggt 4200
gacaagcagyg tcgatgtceg aatggggett aaggccgecg tcaacggegce taccatacag 4260
atgcacggeg aggagggtcg gttcgaggtg gegetcegatyg acacccacga cttecgacag 4320
ctgggtggac acctcggcga tgaccgcttce acccatgatg tttaactttg ttttagggeg 4380
actgceccectge tgcgtaacat cgttgctgct ccataacatc aaacatcgac ccacggcgta 4440
acgcgcettge tgcttggatg cccgaggcat agactgtacce ccaaaaaaac agtcataaca 4500
agccatgaaa accgccactg cgttccatga atattcaaac aaacacatac agcgcgactt 4560
atcatggata ttgacataca aatggacgaa cggataaacc ttttcacgcc cttttaaata 4620
tcecgattatt ctaataaacg ctettttcte ttaggtttac ccgccaatat atcctgtcaa 4680
acactgatag tttaaactga aggcgggaaa cgacaatctg atcactgatt agtaactaag 4740
gcctttaatt aatctagagg cgcgccgggce cccctgcagg gagctceggece ggccaattta 4800
aattgatatc ggtacatcga ttacgccaag ctatcaactt tgtatagaaa agttgccatg 4860
attacgccaa gecttggcgeg ccctgcagca aatttacaca ttgccactaa acgtctaaac 4920
ccttgtaatt tgtttttgtt ttactatgtg tgttatgtat ttgatttgcg ataaattttt 4980
atatttggta ctaaatttat aacacctttt atgctaacgt ttgccaacac ttagcaattt 5040
gcaagttgat taattgattc taaattattt ttgtcttcta aatacatata ctaatcaact 5100
ggaaatgtaa atatttgcta atatttctac tataggagaa ttaaagtgag tgaatatggt 5160
accacaaggt ttggagattt aattgttgca atgctgcatg gatggcatat acaccaaaca 5220
ttcaataatt cttgaggata ataatggtac cacacaagat ttgaggtgca tgaacgtcac 5280
gtggacaaaa ggtttagtaa tttttcaaga caacaatgtt accacacaca agttttgagg 5340
tgcatgcatg gatgccctgt ggaaagttta aaaatatttt ggaaatgatt tgcatggaag 5400
ccatgtgtaa aaccatgaca tccacttgga ggatgcaata atgaagaaaa ctacaaattt 5460
acatgcaact agttatgcat gtagtctata taatgaggat tttgcaatac tttcattcat 5520
acacactcac taagttttac acgattataa tttcttcata gccagtacca tggaagttgt 5580
tgagaggttc tacggagagt tggatggaaa ggtttcccaa ggagtgaacg ctttgttggg 5640
atctttegga gttgagttga ctgataccce aactactaag ggattgccac tcegttgatte 5700
tccaactcca attgtgttgg gagtgtctgt ttacttgacc atcgtgatcg gaggattgcet 5760
ttggatcaag gctagagatc tcaagccaag agcttctgag ccattcttgt tgcaagettt 5820
ggtgttggtyg cacaacttgt tctgcttege tttgtcectctt tacatgtgeg tgggtatcge 5880
ttaccaagct atcacctgga gatattcctt gtggggaaac gcttataacc caaagcacaa 5940
ggagatggct atcctcgttt acctcttecta catgtccaag tacgtggagt tcatggatac 6000
cgtgatcatg atcctcaaga gatccaccag acagatttct ttcctceccacg tgtaccacca 6060
ctcttectate tecccttatet ggtgggctat tgctcaccac gectccaggag gagaggctta 6120
ttggagtgct gctctcaact ctggagtgca cgtgttgatg tacgcttact acttcttggce 6180
tgcttgcettg agatcttecec caaagctcaa gaacaagtac ctcttcectggg gaagatacct 6240
cacccaattc cagatgttcc agttcatgct caacttggtg caagcttact acgatatgaa 6300
aaccaacgct ccatatccac aatggctcat caagatcctce ttctactaca tgatctccect 6360
cttgttecte ttcggaaact tctacgtgca aaagtacatc aagccatccg atggaaagca 6420
aaagggagct aagaccgagt gatcgacaag ctcgagtttc tccataataa tgtgtgagta 6480
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gttcccagat aagggaatta gggttcctat agggtttcge tcatgtgttg agcatataag 6540
aaacccttag tatgtatttg tatttgtaaa atacttctat caataaaatt tctaattcct 6600
aaaaccaaaa tccagtacta aaatccagat cccccgaatt aattcggcgt taattcaggg 6660
aaacttagca gatatttggt gtctaaatgt ttattttgtg atatgttcat gtttgaaatg 6720
gtggtttcga aaccagggac aacgttggga tctgataggg tgtcaaagag tattatggat 6780
tgggacaatt tcggtcatga gttgcaaatt caagtatatc gttcgattat gaaaattttc 6840
gaagaatatc ccatttgaga gagtctttac ctcattaatg tttttagatt atgaaatttt 6900
atcatagttc atcgtagtct ttttggtgta aaggctgtaa aaagaaattg ttcacttttg 6960
ttttcgttta tgtgaaggct gtaaaagatt gtaaaagact attttggtgt tttggataaa 7020
atgatagttt ttatagattc ttttgctttt agaagaaata catttgaaat tttttccatg 7080
ttgagtataa aataccgaaa tcgattgaag atcatagaaa tattttaact gaaaacaaat 7140
ttataactga ttcaattctc tccattttta tacctattta accgtaatcg attctaatag 7200
atgatcgatt ttttatataa tcctaattaa ccaacggcat gtattggata attaaccgat 7260
caactctcac ccctaataga atcagtattt tccttcgacg ttaattgatce ctacactatg 7320
taggtcatat ccatcgtttt aatttttggc caccattcaa ttctgtcttg cctttaggga 7380
tgtgaatatg aacggccaag gtaagagaat aaaaataatc caaattaaag caagagaggc 7440
caagtaagat aatccaaatg tacacttgtc attgccaaaa ttagtaaaat actcggcata 7500
ttgtattcce acacattatt aaaataccgt atatgtattg gectgcatttg catgaataat 7560
actacgtgta agcccaaaag aacccacgtg tagcccatge aaagttaaca ctcacgacce 7620
cattcctcag tctcecactat ataaacccac catccccaat ctcaccaaac ccaccacaca 7680
actcacaact cactctcaca ccttaaagaa ccaatcacca ccaaaaaacc atgggaaaag 7740
gatctgaggg aagatctgct gctagagaga tgactgctga ggctaacgga gataagagaa 7800
agaccatcct cattgaggga gtgttgtacg atgctaccaa cttcaaacac ccaggaggtt 7860
ccattattaa cttcctcacce gagggagaag ctggagttga tgctacccaa gcecttacagag 7920
agttccatca gagatccgga aaggctgata agtacctcaa gtccctccca aagttggatg 7980
cttctaaggt ggagtctagg ttctctgcta aggagcaggce tagaagggac gctatgacca 8040
gggattacgc tgctttcaga gaggagttgg ttgctgaggg atacttcgat ccatctatcce 8100
cacacatgat ctacagagtg gtggagattg tggctttgtt cgctttgtcet ttectggttga 8160
tgtctaaggce ttctceccaacc tetttggttt tgggagtggt gatgaacgga atcgctcaag 8220
gaagatgcgg atgggttatg cacgagatgg gacacggatc tttcactgga gttatctgge 8280
tcgatgatag gatgtgcgag ttecttctacg gagttggatg tggaatgtct ggacactact 8340
ggaagaacca gcactctaag caccacgctg ctccaaacag attggagcac gatgtggatt 8400
tgaacacctt gccactcgtt getttcaacg agagagttgt gaggaaggtt aagccaggat 8460
ctttgttgge tttgtggctc agagttcagg cttatttgtt cgctccagtg tettgcettgt 8520
tgatcggatt gggatggacc ttgtacttgc acccaagata tatgctcagg accaagagac 8580
acatggagtt tgtgtggatc ttcgctagat atatcggatg gttctceccttg atgggagcett 8640
tgggatattc tcctggaact tetgtgggaa tgtacctetg ctcetttcecgga cttggatgceca 8700
tctacatctt cctceccaatte getgtgtcte acacccactt geccagttacce aacccagagg 8760
atcaattgca ctggcttgag tacgctgctg atcacaccgt gaacatctct accaagtcett 8820
ggttggttac ctggtggatg tctaacctca acttccaaat cgagcaccac ttgttcccaa 8880
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ccgctecaca attcaggttce aaggagatct ctceccaagagt tgaggctcte ttcaagagac 8940
acaacctccce ttactacgat ttgccataca cctetgetgt ttctactacce ttecgctaacce 9000
tctactetgt tggacactcect gttggagctg ataccaagaa gcaggattga ctgctttaat 9060
gagatatgcg agacgcctat gatcgcatga tatttgcttt caattctgtt gtgcacgttg 9120
taaaaaacct gagcatgtgt agctcagatc cttaccgecg gtttcggttce attctaatga 9180
atatatcacc cgttactatc gtatttttat gaataatatt ctccgttcaa tttactgatt 9240
gtgtcgacge gatcgcgtge gcacgggccce cctgcaggat ttaaatcccg ggggtaccca 9300
agtttgtaca aaaaagcagg ctccatgatt acgccaagct tggccactaa ggccaattta 9360
aatctactag gccggccatce gacggcccgg actgtatcca acttctgate tttgaatcte 9420
tctgttecaa catgttctga aggagttcta agacttttca gaaagcttgt aacatgettt 9480
gtagactttc tttgaattac tcttgcaaac tctgattgaa cctacgtgaa aactgctceca 9540
gaagttctaa ccaaattccg tcttgggaag gcccaaaatt tattgagtac ttcagtttca 9600
tggacgtgtc ttcaaagatt tataacttga aatcccatca tttttaagag aagttctgtt 9660
ccgcaatgte ttagatctca ttgaaatcta caactcttgt gtcagaagtt cttccagaat 9720
caacttgcat catggtgaaa atctggccag aagttctgaa cttgtcatat ttcttaacag 9780
ttagaaaaat ttctaagtgt ttagaatttt gacttttcca aagcaaactt gacttttgac 9840
tttcttaata aaacaaactt catattctaa catgtcttga tgaaatgtga ttcttgaaat 9900
ttgatgttga tgcaaaagtc aaagtttgac ttttcagtgt gcaattgacc attttgctct 9960
tgtgccaatt ccaaacctaa attgatgtat cagtgctgca aacttgatgt catggaagat 10020
cttatgagaa aattcttgaa gactgagagg aaaaattttg tagtacaaca caaagaatcc 10080
tgtttttcat agtcggacta gacacattaa cataaaacac cacttcattc gaagagtgat 10140
tgaagaagga aatgtgcagt tacctttctg cagttcataa gagcaactta cagacacttt 10200
tactaaaata ctacaaagag gaagatttta acaacttaga gaagtaatgg gagttaaaga 10260
gcaacacatt aagggggagt gttaaaatta atgtgttgta accaccacta cctttagtaa 10320
gtattataag aaaattgtaa tcatcacatt ataattattg tccttattta aaattatgat 10380
aaagttgtat cattaagatt gagaaaacca aatagtcctc gtcttgattt ttgaattatt 10440
gttttctatg ttacttttct tcaagcctat ataaaaactt tgtaatgcta aattgtatge 10500
tggaaaaaaa tgtgtaatga attgaataga aattatggta tttcaaagtc caaaatccat 10560
caatagaaat ttagtacaaa acgtaactca aaaatattct cttattttaa attttacaac 10620
aatataaaaa tattctctta ttttaaattt tacaataata taatttatca cctgtcacct 10680
ttagaatacc accaacaata ttaatactta gatattttat tcttaataat tttgagatct 10740
ctcaatatat ctgatattta ttttatattt gtgtcatatt ttcttatgtt ttagagttaa 10800
ccettatate ttggtcaaac tagtaattca atatatgagt ttgtgaagga cacattgaca 10860
tcttgaaaca ttggttttaa ccttgttgga atgttaaagg taataaaaca ttcagaatta 10920
tgaccatcta ttaatatact tcctttgtct tttaaaaaag tgtgcatgaa aatgctctat 10980
ggtaagctag agtgtcttge tggcctgtgt atatcaattc catttccaga tggtagaaac 11040
tgccactacg aataattagt cataagacac gtatgttaac acacgtcccc ttgcatgttt 11100
tttgccatat attccgtecte tttettttte ttcacgtata aaacaatgaa ctaattaata 11160
gagcgatcaa gctgaaccct accatgtgtg ttgagaccga gaacaacgat ggaatcccta 11220



127

US 9,428,757 B2

128

-continued
ctgtggagat cgctttcgat ggagagagag aaagagctga ggctaacgtg aagttgtctg 11280
ctgagaagat ggaacctgct gectttggcta agaccttcege tagaagatac gtggttatceg 11340
agggagttga gtacgatgtg accgatttca aacatcctgg aggaaccgtg attttctacg 11400
ctctctetaa cactggagcet gatgctactg aggctttcaa ggagttccac cacagatcta 11460
gaaaggctag gaaggctttg gctgectttge cttctagacce tgctaagacc gctaaagtgg 11520
atgatgctga gatgctccag gatttcegcta agtggagaaa ggagttggag agggacggat 11580
tcttcaagcee ttctectget catgttgett acagattege tgagttgget gectatgtacg 11640
ctttgggaac ctacttgatg tacgctagat acgttgtgtc ctctgtgttg gtttacgett 11700
gcttettegyg agectagatgt ggatgggttce aacacgaggg aggacactct tctttgaccg 11760
gaaacatctg gtgggataag agaatccaag ctttcactgc tggattcgga ttggctggat 11820
ctggagatat gtggaactcc atgcacaaca agcaccacgc tactcctcaa aaagtgaggce 11880
acgatatgga tttggatacc actcctgcetg ttgectttett caacaccget gtggaggata 11940
atagacctag gggattctct aagtactggc tcagattgca agcttggacc ttcattcctg 12000
tgacttctgg attggtgttg ctcecttetgga tgttcttect ccacccttet aaggetttga 12060
agggaggaaa gtacgaggag cttgtgtgga tgttggctge tcacgtgatt agaacctgga 12120
ccattaaggc tgttactgga ttcaccgcta tgcaatccta cggactctte ttggetactt 12180
cttgggtttc cggatgctac ttgttcegcte acttctctac ttctcacacc cacttggatg 12240
ttgttecectge tgatgagcac ttgtcttggg ttaggtacge tgtggatcac accattgata 12300
tcgatectte tcagggatgg gttaactggt tgatgggata cttgaactgc caagtgattce 12360
accacctcett cecttctatg cctcaattca gacaacctga ggtgtccaga agattegttg 12420
ctttcgctaa gaagtggaac ctcaactaca aggtgatgac ttatgctgga gcttggaagg 12480
ctactttggg aaacctcgat aatgtgggaa agcactacta cgtgcacgga caacactctg 12540
gaaagaccgce ttgattaatt aaggccgcct cgaccgtacc ccctgcagat agactatact 12600
atgttttagc ctgcctgectg gcectagctact atgttatgtt atgttgtaaa ataaacacct 12660
gctaaggtat atctatctat attttagcat ggctttctca ataaattgtc tttecttate 12720
gtttactatc ttatacctaa taatgaaata ataatatcac atatgaggaa cggggcaggt 12780
ttaggcatat atatacgagt gtagggcgga gtggggggcyg cctactaccg gtaattccecg 12840
ggattagcgg ccgctagtct gtgcegcactt gtatcctgca ggttaggccg gccacacggg 12900
caggacatag ggactactac aagcatagta tgcttcagac aaagagctag gaaagaactc 12960
ttgatggagg ttaagagaaa aaagtgctag aggggcatag taatcaaact tgtcaaaacc 13020
gtcatcatga tgagggatga cataatataa aaagttgact aaggtcttgg tagtactctt 13080
tgattagtat tatatattgg tgagaacatg agtcaagagg agacaagaaa ccgaggaacc 13140
atagtttagc aacaagatgg aagttgcaaa gttgagctag ccgctcgatt agttacatct 13200
cctaagcagt actacaagga atggtctcta tactttcatg tttagcacat ggtagtgcgg 13260
attgacaagt tagaaacagt gcttaggaga caaagagtca gtaaaggtat tgaaagagtg 13320
aagttgatgc tcgacaggtc aggagaagtc cctceccgccag atggtgacta ccaaggggtt 13380
ggtatcagct gagacccaaa taagattctt cggttgaacc agtggttcga ccgagactct 13440
tagggtggga tttcactgta agatttgtgc attttgttga atataaattg acaatttttt 13500
ttatttaatt atagattatt tagaatgaat tacatattta gtttctaaca aggatagcaa 13560
tggatgggta tgggtacagg ttaaacatat ctattaccca cccatctagt cgtcgggttt 13620
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tacacgtacc cacccgttta cataaaccag accggaattt taaaccgtac ccgtccegtta 13680
gcgggtttca gatttacccg tttaatcggg taaaacctga ttactaaata tatatttttt 13740
atttgataaa caaaacaaaa atgttaatat tttcatattg gatgcaattt taagaaacac 13800
atattcataa atttccatat ttgtaggaaa ataaaaagaa aaatatattc aagaacacaa 13860
atttcaccga catgactttt attacagagt tggaattaga tctaacaatt gaaaaattaa 13920
aattaagata gaatatgttg aggaacatga catagtataa tgctgggtta cccgtegggt 13980
aggtatcgag gcggatacta ctaaatccat cccactcgcet atccgataat cactggttte 14040
gggtataccc attcccgtca acaggccttt ttaaccggat aatttcaact tatagtgaat 14100
gaattttgaa taaatagtta gaataccaaa atcctggatt gcatttgcaa tcaaattttg 14160
tgaaccgtta aattttgcat gtacttggga tagatataat agaaccgaat tttcattagt 14220
ttaatttata acttactttg ttcaaagaaa aaaaatatct atccaattta cttataataa 14280
aaaataatct atccaagtta cttattataa tcaacttgta aaaaggtaag aatacaaatg 14340
tggtagcgta cgtgtgatta tatgtgacga aatgttatat ctaacaaaag tccaaattcc 14400
catggtaaaa aaaatcaaaa tgcatggcag gctgtttgta accttggaat aagatgttgg 14460
ccaattctgg agccgccacg tacgcaagac tcagggccac gttcectcecttca tgcaaggata 14520
gtagaacacc actccaccca cctectatat tagacctttg cccaaccctce cccaacttte 14580
ccatcccatc cacaaagaaa ccgacatttt tatcataaat cggcgcgccce taccatggat 14640
gcttataacg ctgctatgga taagattgga gctgctatca tcgattggag tgatccagat 14700
ggaaagttca gagctgatag ggaggattgg tggttgtgceg atttcagatc cgctatcacc 14760
attgctctca tctacatcge tttcecgtgate ttgggatctg ctgtgatgca atctctccca 14820
gctatggacc cataccctat caagttcectce tacaacgtgt ctcaaatctt cctetgeget 14880
tacatgactg ttgaggctgg attcctecgcet tataggaacg gatacaccgt tatgccatge 14940
aaccacttca acgtgaacga tccaccagtt gctaacttge tctggetcett ctacatctcece 15000
aaagtgtggg atttctggga taccatcttc attgtgctcg gaaagaagtg gagacaactc 15060
tctttettge acgtgtacca ccacaccacc atcttcectet tctactggtt gaacgctaac 15120
gtgctctacg atggagatat cttcecttgacc atcctecctca acggattcat tcacaccgtg 15180
atgtacacct actacttcat ctgcatgcac accaaggatt ctaagaccgg aaagtctttg 15240
ccaatctggt ggaagtcatc tttgaccgct ttccaactct tgcaattcac catcatgatg 15300
tceccaageta cctacttggt tttceccacgga tgcgataagg tttcecctcag aatcaccatce 15360
gtgtacttcg tgtacattct ctcececctttte ttcectetteg ctcagttett cgtgcaatce 15420
tacatggctc caaagaagaa gaagtccgct tgatgttaat taaggccgca gatatcagat 15480
ctggtcgacce tagaggatcc ccggccgcaa agataataac aaaagcctac tatataacgt 15540
acatgcaagt attgtatgat attaatgttt ttacgtacgt gtaaacaaaa ataattacgt 15600
ttgtaacgta tggtgatgat gtggtgcact aggtgtaggc cttgtattaa taaaaagaag 15660
tttgttctat atagagtggt ttagtacgac gatttattta ctagtcggat tggaatagag 15720
aaccgaattc ttcaatcctt gettttgatce aagaattgaa accgaatcaa atgtaaaagt 15780
tgatatattt gaaaaacgta ttgagcttat gaaaatgcta atactctcat ctgtatggaa 15840
aagtgacttt aaaaccgaac ttaaaagtga caaaagggga atatcgcatc aaaccgaatg 15900
aaaccgatgg caaacactgt acggaccgtg gcctaatagg ccggtaccac ccagetttet 15960
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tgtacaaagt ggccatgatt acgccaagct tggccactaa ggccaattta aatctactag 16020
gccggccata aggatgacct acccattcectt gagacaaatg ttacatttta gtatcagagt 16080
aaaatgtgta cctataactc aaattcgatt gacatgtatc cattcaacat aaaattaaac 16140
cagcctgcac ctgcatccac atttcaagta ttttcaaacc gttceggctece tatccaccgg 16200
gtgtaacaag acggattccg aatttggaag attttgactc aaattcccaa tttatattga 16260
ccgtgactaa atcaacttta acttctataa ttctgattaa gctcccaatt tatattccca 16320
acggcactac ctccaaaatt tatagactct catccccttt taaaccaact tagtaaacgt 16380
ttttttttta attttatgaa gttaagtttt taccttgttt ttaaaaagaa tcgttcataa 16440
gatgccatge cagaacatta gctacacgtt acacatagca tgcagccgcg gagaattgtt 16500
tttcttegee acttgtcact ceccttcaaac acctaagagce ttctectctca cagcacacac 16560
atacaatcac atgcgtgcat gcattattac acgtgatcgce catgcaaatc tcctttatag 16620
cctataaatt aactcatcgg cttcactctt tactcaaacc aaaactcatc aatacaaaca 16680
agattaaaaa caccatgcgc gccggatccg ccatggctat tttgaaccct gaggctgatt 16740
ctgctgctaa cctcegctact gattctgagg ctaagcaaag acaattggct gaggctggat 16800
acactcatgt tgagggtgct cctgctectt tgcctttgga gttgcctcat ttctetctca 16860
gagatctcag agctgctatt cctaagcact gcecttcgagag atctttegtg acctceccacct 16920
actacatgat caagaacgtg ttgacttgcg ctgctttgtt ctacgectgct accttcattg 16980
atagagctgg agctgctget tatgttttgt ggcctgtgta ctggttcectte cagggatctt 17040
acttgactgg agtgtgggtt atcgctcatg agtgtggaca tcaggcttat tgctettctg 17100
aggtggtgaa caacttgatt ggactcgtgt tgcattctge tttgttggtg ccttaccact 17160
cttggagaat ctctcacaga aagcaccatt ccaacactgg atcttgcgag aacgatgagg 17220
ttttegttee tgtgaccaga tetgtgttgg cttettettg gaacgagacce ttggaggatt 17280
cteccteteta ccaactctac cgtategtgt acatgttggt tgttggatgg atgcctggat 17340
acctcttett caacgctact ggacctacta agtactgggg aaagtctagg tctcacttca 17400
acccttacte cgctatctat getgataggg agagatggat gatcgtgctce tccgatattt 17460
tcttggtgge tatgttgget gttttggcetg ctttggtgca cactttctece ttcaacacca 17520
tggtgaagtt ctacgtggtg ccttacttca ttgtgaacgce ttacttggtg ttgattacct 17580
acctccaaca caccgatacc tacatcccte atttcagaga gggagagtgg aattggttga 17640
gaggagcttt gtgcactgtg gatagatcat ttggtccatt cctcgattct gtggtgcata 17700
gaatcgtgga tacccatgtt tgccaccaca tcttcectccaa gatgecttte tatcattgeg 17760
aggaggctac caacgctatt aagcctctcece tcggaaagtt ctacttgaag gataccactce 17820
ctgtteetgt tgctctctgg agatcttaca cccattgcaa gttcegttgag gatgatggaa 17880
aggtggtgtt ctacaagaac aagctctagt taattaataa ttgattggtt cgagtattat 17940
ggcattggga aaactgtttt tcttgtacca tttgttgtge ttgtaattta ctgtgttttt 18000
tattcggttt tcgctatcga actgtgaaat ggaaatggat ggagaagagt taatgaatga 18060
tatggtcctt ttgttcattc tcaaattaat attatttgtt ttttectctta tttgttgtgt 18120
gttgaatttyg aaattataag agatatgcaa acattttgtt ttgagtaaaa atgtgtcaaa 18180
tcgtggecte taatgaccga agttaatatg aggagtaaaa cacttgtagt tgtaccatta 18240
tgcttattca ctaggcaaca aatatatttt cagacctaga aaagctgcaa atgttactga 18300
atacaagtat gtcctcttgt gttttagaca tttatgaact ttcctttatg taattttcca 18360
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gaatccttgt cagattctaa tcattgcttt ataattatag ttatactcat ggatttgtag 18420
ttgagtatga aaatattttt taatgcattt tatgacttgc caattgattg acaacatgca 18480
tcaatggcgce ctactaccgg taattcccgg gattagecgge cgctagtctg tgcgcacttg 18540
tatcctgcag gtcaatcgtt taaacactgt acggaccgtg gcctaatagg ccggtaccca 18600
actttattat acatagttga taattcactg gccggatgta ccgaattcgce ggccgcaage 18660
ttgtacacta gtacgcgtca attggcgatc gcggatctga gatgaaaccg gtgattatca 18720
gaacctttta tggtctttgt atgcatatgg taaaaaaact tagtttgcaa tttectgttt 18780
gttttggtaa tttgagtttc ttttagttgt tgatctgccet getttttggt ttacgtcaga 18840
ctactactgc tgttgttgtt tggtttcctt tctttcattt tataaataaa taatccggtt 18900
cggtttactc cttgtgactg gctcagtttg gttattgcga aatgcgaatg gtaaattgag 18960
taattgaaat tcgttattag ggttctaagc tgttttaaca gtcactgggt taatatctct 19020
cgaatcttgce atggaaaatg ctcttaccat tggtttttaa ttgaaatgtg ctcatatggg 19080
ccgtggttte caaattaaat aaaactacga tgtcatcgag aagtaaaatc aactgtgtcce 19140
acattatcag ttttgtgtat acgatgaaat agggtaattc aaaatctagc ttgatatgcce 19200
ttttggttca ttttaacctt ctgtaaacat tttttcagat tttgaacaag taaatccaaa 19260
aaaaaaaaaa aaaaatctca actcaacact aaattatttt aatgtataaa agatgcttaa 19320
aacatttggc ttaaaagaaa gaagctaaaa acatagagaa ctcttgtaaa ttgaagtatg 19380
aaaatatact gaattgggta ttatatgaat ttttctgatt taggattcac atgatccaaa 19440
aaggaaatcc agaagcacta atcagacatt ggaagtagga atatttcaaa aagttttttt 19500
tttttaagta agtgacaaaa gcttttaaaa aatagaaaag aaactagtat taaagttgta 19560
aatttaataa acaaaagaaa ttttttatat tttttcattt ctttttccag catgaggtta 19620
tgatggcagg atgtggattt catttttttc cttttgatag ccttttaatt gatctattat 19680
aattgacgaa aaaatattag ttaattatag atatatttta ggtagtatta gcaatttaca 19740
cttccaaaag actatgtaag ttgtaaatat gatgcgttga tctcecttcatc attcaatggt 19800
tagtcaaaaa aataaaagct taactagtaa actaaagtag tcaaaaattg tactttagtt 19860
taaaatatta catgaataat ccaaaacgac atttatgtga aacaaaaaca atatagatcc 19920
attaccctgt tatccctaga ggggaaaatt cgaatccaaa aattacggat atgaatatag 19980
gcatatcegt atccgaatta tcegtttgac agctagcaac gattgtacaa ttgettcecttt 20040
aaaaaaggaa gaaagaaaga aagaaaagaa tcaacatcag cgttaacaaa cggccccgtt 20100
acggcccaaa cggtcatata gagtaacggce gttaagcgtt gaaagactcc tatcgaaata 20160
cgtaaccgca aacgtgtcat agtcagatcc cctcecttectt caccgectca aacacaaaaa 20220
taatcttcta cagcctatat atacaacccce cccttctate tcetectttet cacaattcat 20280
catctttett tctctaccece caattttaag aaatcctcecte ttctectcett cattttcaag 20340
gtaaatctcect ctectctectcet ctetectetgt tatteccttgt tttaattagg tatgtattat 20400
tgctagtttg ttaatctgct tatcttatgt atgccttatg tgaatatctt tatcttgtte 20460
atctcatcecg tttagaaget ataaatttgt tgatttgact gtgtatctac acgtggttat 20520
gtttatatct aatcagatat gaatttcttc atattgttge gtttgtgtgt accaatccga 20580
aatcgttgat ttttttcatt taatcgtgta gctaattgta cgtatacata tggatctacg 20640
tatcaattgt tcatctgttt gtgtttgtat gtatacagat ctgaaaacat cacttctctce 20700
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atctgattgt gttgttacat acatagatat agatctgtta tatcattttt tttattaatt 20760
gtgtatatat atatgtgcat agatctggat tacatgattg tgattattta catgattttg 20820
ttatttacgt atgtatatat gtagatctgg actttttgga gttgttgact tgattgtatt 20880
tgtgtgtgta tatgtgtgtt ctgatcttga tatgttatgt atgtgcagct gaaccatggce 20940
ggcggcaaca acaacaacaa caacatcttc ttcgatctec ttcectccacca aaccatctce 21000
ttectectee aaatcaccat taccaatctce cagattctcece cteccattet cecctaaacce 21060
caacaaatca tcctectect ceccgecgecg cggtatcaaa tccagetcte cctecteccat 21120
ctcecgeegtyg ctcaacacaa ccaccaatgt cacaaccact ccctcectccaa ccaaacctac 21180
caaacccgaa acattcatct cccgattcecge tccagatcaa ccccgcaaag gegctgatat 21240
cctegtegaa getttagaac gtcaaggcegt agaaaccgta ttcegecttacce ctggaggtac 21300
atcaatggag attcaccaag ccttaacccg ctcttcectca atccgtaacg tecttecteg 21360
tcacgaacaa ggaggtgtat tcgcagcaga aggatacgct cgatcctcag gtaaaccagg 21420
tatctgtata gccacttcag gtcccggage tacaaatcte gttageggat tagccgatge 21480
gttgttagat agtgttccte ttgtagcaat cacaggacaa gtccctcgtce gtatgattgg 21540
tacagatgcg tttcaagaga ctccgattgt tgaggtaacg cgttcgatta cgaagcataa 21600
ctatcttgtg atggatgttg aagatatccc taggattatt gaggaagctt tcectttttage 21660
tacttctggt agacctggac ctgttttggt tgatgttcct aaagatattc aacaacaget 21720
tgcgattcecct aattgggaac aggctatgag attacctggt tatatgtcta ggatgcctaa 21780
acctcecggaa gattctcatt tggagcagat tgttaggttg atttctgagt ctaagaagcecc 21840
tgtgttgtat gttggtggtg gttgtttgaa ttctagcgat gaattgggta ggtttgttga 21900
gcttacgggg atccctgttg cgagtacgtt gatggggctg ggatcttatc cttgtgatga 21960
tgagttgtcg ttacatatgc ttggaatgca tgggactgtg tatgcaaatt acgctgtgga 22020
gcatagtgat ttgttgttgg cgtttggggt aaggtttgat gatcgtgtca cgggtaagct 22080
tgaggctttt gctagtaggg ctaagattgt tcatattgat attgactcgg ctgagattgg 22140
gaagaataag actcctcatg tgtctgtgtg tggtgatgtt aagctggectt tgcaagggat 22200
gaataaggtt cttgagaacc gagcggagga gcttaagctt gattttggag tttggaggaa 22260
tgagttgaac gtacagaaac agaagtttcc gttgagcttt aagacgtttg gggaagctat 22320
tcetecacag tatgcgatta aggtecttga tgagttgact gatggaaaag ccataataag 22380
tactggtgtc gggcaacatc aaatgtgggc ggcgcagttc tacaattaca agaaaccaag 22440
gcagtggcta tcatcaggag gccttggage tatgggattt ggacttcecctg ctgcegattgg 22500
agcgtetgtt gctaaccctg atgcgatagt tgtggatatt gacggagatg gaagctttat 22560
aatgaatgtg caagagctag ccactattcg tgtagagaat cttccagtga aggtactttt 22620
attaaacaac cagcatcttg gcatggttat gcaatgggaa gatcggttct acaaagctaa 22680
ccgagctcac acatttcteg gggatccgge tcaggaggac gagatattcc cgaacatgtt 22740
gctgtttgeca gcagcettgceg ggattccage ggcgagggtyg acaaagaaag cagatctceccg 22800
agaagctatt cagacaatgc tggatacacc aggaccttac ctgttggatg tgatttgtcce 22860
gcaccaagaa catgtgttgc cgatgatccc gaatggtggce actttcaacg atgtcataac 22920
ggaaggagat ggccggatta aatactgata gggataacag ggtaatctcg acgagatgaa 22980
accggtgatt atcagaacct tttatggtct ttgtatgcat atggtaaaaa aacttagttt 23040
gcaatttcet gtttgttttg gtaatttgag tttcttttag ttgttgatct gecctgetttt 23100
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tggtttacgt cagactacta ctgctgttgt tgtttggttt cctttectttc attttataaa 23160
taaataatcc ggttcggttt actccttgtg actggctcag tttggttatt gcgaaatgceg 23220
aatggtaaat tgagtaattg aaattcgtta ttagggttct aagctgtttt aacagtcact 23280
gggttaatat ctctcgaatc ttgcatggaa aatgctctta ccattggttt ttaattgaaa 23340
tgtgctcata tgggccgtgg tttccaaatt aaataaaact acgatgtcat cgagaagtaa 23400
aatcaactgt gtccacatta tcagttttgt gtatacgatg aaatagggta attcaaaatc 23460
tagcttgata tgccttttgg ttcattttaa ccttctgtaa acattttttc agattttgaa 23520
caagtaaatc caaaaaaaaa aaaaaaaaat ctcaactcaa cactaaatta ttttaatgta 23580
taaaagatgc ttaaaacatt tggcttaaaa gaaagaagct aaaaacatag agaactcttg 23640
taaattgaag tatgaaaata tactgaattg ggtattatat gaatttttct gatttaggat 23700
tcacatgatc caaaaaggaa atccagaagc actaatcaga cattggaagt aggaatattt 23760
caaaaagttt ttttttttta agtaagtgac aaaagctttt aaaaaataga aaagaaacta 23820
gtattaaagt tgtaaattta ataaacaaaa gaaatttttt atattttttc atttcttttt 23880
ccagcatgag gttatgatgg caggatgtgg atttcatttt tttccttttg atagcctttt 23940
aattgatcta ttataattga cgaaaaaata ttagttaatt atagatatat tttaggtagt 24000
attagcaatt tacacttcca aaagactatg taagttgtaa atatgatgcg ttgatctctt 24060
catcattcaa tggttagtca aaaaaataaa agcttaacta gtaaactaaa gtagtcaaaa 24120
attgtacttt agtttaaaat attacatgaa taatccaaaa cgacatttat gtgaaacaaa 24180
aacaatatgt cgaggcgatc gcagtactta atcagtgatc agtaactaaa ttcagtacat 24240
taaagacgtc cgcaatgtgt tattaagttg tctaagcgtc aatttgttta caccacaata 24300
tatcctgecca ccagccagec aacagctcecece cgaccggcag ctcecggcacaa aatcac 24356
<210> SEQ ID NO 40
<211> LENGTH: 27539
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Plant Expression Plasmid
<400> SEQUENCE: 40
aaaagttgce atgattacgc caagcttgge cactaaggec aatttcgege cctgcagcaa 60
atttacacat tgccactaaa cgtctaaacc cttgtaattt gtttttgttt tactatgtgt 120
gttatgtatt tgatttgcga taaattttta tatttggtac taaatttata acacctttta 180
tgctaacgtt tgccaacact tagcaatttg caagttgatt aattgattct aaattatttt 240
tgtcttctaa atacatatac taatcaactg gaaatgtaaa tatttgctaa tatttctact 300
ataggagaat taaagtgagt gaatatggta ccacaaggtt tggagattta attgttgcaa 360
tgctgcatgg atggcatata caccaaacat tcaataattce ttgaggataa taatggtacce 420
acacaagatt tgaggtgcat gaacgtcacg tggacaaaag gtttagtaat ttttcaagac 480
aacaatgtta ccacacacaa gttttgaggt gcatgcatgg atgccctgtyg gaaagtttaa 540
aaatattttg gaaatgattt gcatggaagc catgtgtaaa accatgacat ccacttggag 600
gatgcaataa tgaagaaaac tacaaattta catgcaacta gttatgcatg tagtctatat 660
aatgaggatt ttgcaatact ttcattcata cacactcact aagttttaca cgattataat 720
ttcttecatag ccagtactgt ttaagcttca ctgtctctga atcggcaaag gtaaacgtat 780
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caattattct acaaaccctt ttatttttct tttgaattac cgtcttcatt ggttatatga 840
taacttgata agtaaagctt caataattga atttgatctg tgtttttttg gccttaatac 900
taaatcctta cataagcttt gttgcttcte ctecttgtgag ttgagtgtta agttgtaata 960
atggttcact ttcagcttta gaagaaacca tggaagttgt tgagaggttc tacggagagt 1020
tggatggaaa ggtttcccaa ggagtgaacg ctttgttggg atctttcgga gttgagttga 1080
ctgatacccce aactactaag ggattgccac tcgttgattce tccaactcca attgtgttgg 1140
gagtgtctgt ttacttgacc atcgtgatcg gaggattgcet ttggatcaag gctagagatc 1200
tcaagccaag agcttctgag ccattcttgt tgcaagettt ggtgttggtg cacaacttgt 1260
tctgecttege tttgtctett tacatgtgcg tgggtatcge ttaccaagcet atcacctgga 1320
gatattcctt gtggggaaac gcttataacc caaagcacaa ggagatggct atcctcegttt 1380
acctctteta catgtccaag tacgtggagt tcatggatac cgtgatcatg atcctcaaga 1440
gatccaccag acagatttct ttecctccacg tgtaccacca ctettctatce tcecttatcet 1500
ggtgggctat tgctcaccac gctccaggag gagaggctta ttggagtgct gctcetcaact 1560
ctggagtgca cgtgttgatg tacgcttact acttcttgge tgcttgcttg agatcttece 1620
caaagctcaa gaacaagtac ctcttctggg gaagatacct cacccaattc cagatgttcce 1680
agttcatgct caacttggtg caagcttact acgatatgaa aaccaacgct ccatatccac 1740
aatggctcat caagatcctce ttctactaca tgatctcect cttgttceccte ttecggaaact 1800
tctacgtgca aaagtacatc aagccatccg atggaaagca aaagggagcet aagaccgagt 1860
gatcgacaag ctcgagtttc tccataataa tgtgtgagta gttcccagat aagggaatta 1920
gggttcctat agggtttcge tcatgtgttg agcatataag aaacccttag tatgtatttg 1980
tatttgtaaa atacttctat caataaaatt tctaattcct aaaaccaaaa tccagtacta 2040
aaatccagat cccccgaatt aattcggcegt taattcaggg ccggccaaag taggcgcecta 2100
ctaccggtaa ttccecgggat tagcggccge tagtctgtge gecacttgtat cctgcaggtt 2160
aggccggcca ttagcagata tttggtgtct aaatgtttat tttgtgatat gttcatgttt 2220
gaaatggtgg tttcgaaacc agggacaacg ttgggatctg atagggtgtc aaagagtatt 2280
atggattggg acaatttcgg tcatgagttg caaattcaag tatatcgttc gattatgaaa 2340
attttcgaag aatatcccat ttgagagagt ctttacctca ttaatgtttt tagattatga 2400
aattttatca tagttcatcg tagtcttttt ggtgtaaagg ctgtaaaaag aaattgttca 2460
cttttgtttt cgtttatgtg aaggctgtaa aagattgtaa aagactattt tggtgttttg 2520
gataaaatga tagtttttat agattctttt gcttttagaa gaaatacatt tgaaattttt 2580
tccatgttga gtataaaata ccgaaatcga ttgaagatca tagaaatatt ttaactgaaa 2640
acaaatttat aactgattca attctctcca tttttatacc tatttaaccg taatcgattce 2700
taatagatga tcgatttttt atataatcct aattaaccaa cggcatgtat tggataatta 2760
accgatcaac tctcaccecct aatagaatca gtattttect tcgacgttaa ttgatcctac 2820
actatgtagg tcatatccat cgttttaatt tttggccacc attcaattct gtecttgectt 2880
tagggatgtg aatatgaacg gccaaggtaa gagaataaaa ataatccaaa ttaaagcaag 2940
agaggccaag taagataatc caaatgtaca cttgtcattg ccaaaattag taaaatactc 3000
ggcatattgt attcccacac attattaaaa taccgtatat gtattggectg catttgcatg 3060
aataatacta cgtgtaagcc caaaagaacc cacgtgtagce ccatgcaaag ttaacactca 3120
cgaccccatt cctcagtcte cactatataa acccaccatc cccaatctca ccaaacccac 3180
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cacacaactc acaactcact ctcacacctt aaagaaccaa tcaccaccaa aaaatttcac 3240
gatttggaat ttgattcctg cgatcacagg tatgacaggt tagattttgt tttgtatagt 3300
tgtatacata cttctttgtg atgttttgtt tacttaatcg aatttttgga gtgttttaag 3360
gtctctegtt tagaaatcgt ggaaaatatc actgtgtgtg tgttcttatg attcacagtg 3420
tttatgggtt tcatgttctt tgttttatca ttgaatggga agaaatttcg ttgggataca 3480
aatttctcat gttcttactg atcgttatta ggagtttggg gaaaaaggaa gagttttttt 3540
ggttggtteg agtgattatg aggttatttc tgtatttgat ttatgagtta atggtcgttt 3600
taatgttgta gaccatggga aaaggatctg agggaagatc tgctgctaga gagatgactg 3660
ctgaggctaa cggagataag agaaagacca tcctcattga gggagtgttg tacgatgcecta 3720
ccaacttcaa acacccagga ggttccatta ttaacttect caccgaggga gaagctggag 3780
ttgatgctac ccaagcttac agagagttcce atcagagatc cggaaaggct gataagtacc 3840
tcaagtcecct cccaaagttg gatgcttcta aggtggagtc taggttctet gectaaggagce 3900
aggctagaag ggacgctatg accagggatt acgctgcettt cagagaggag ttggttgcetg 3960
agggatactt cgatccatct atcccacaca tgatctacag agtggtggag attgtggcett 4020
tgttcgettt gtctttcectgg ttgatgtcta aggcttetece aacctectttg gttttgggag 4080
tggtgatgaa cggaatcgct caaggaagat gcggatgggt tatgcacgag atgggacacg 4140
gatctttcac tggagttatc tggctcgatg ataggatgtg cgagttcttce tacggagttg 4200
gatgtggaat gtctggacac tactggaaga accagcactc taagcaccac gctgctccaa 4260
acagattgga gcacgatgtg gatttgaaca ccttgccact cgttgctttce aacgagagag 4320
ttgtgaggaa ggttaagcca ggatctttgt tggctttgtg gctcagagtt caggcttatt 4380
tgttcgetcece agtgtcttge ttgttgatcg gattgggatg gaccttgtac ttgcacccaa 4440
gatatatgct caggaccaag agacacatgg agtttgtgtg gatcttcget agatatatcg 4500
gatggttcte cttgatggga gctttgggat attctcecctgg aacttctgtg ggaatgtacce 4560
tctgctettt cggacttgga tgcatctaca tcttecteca attcegetgtg tetcacacce 4620
acttgccagt taccaaccca gaggatcaat tgcactggct tgagtacgct gcectgatcaca 4680
ccgtgaacat ctctaccaag tcettggttgg ttacctggtg gatgtctaac ctcaacttcece 4740
aaatcgagca ccacttgttc ccaaccgctce cacaattcag gttcaaggag atctctccaa 4800
gagttgaggc tctcttcaag agacacaacc tcccttacta cgatttgeca tacacctcetg 4860
ctgtttctac taccttcget aacctctact ctgttggaca ctctgttgga gectgatacca 4920
agaagcagga ttgactgctt taatgagata tgcgagacgc ctatgatcgce atgatatttg 4980
ctttcaattc tgttgtgcac gttgtaaaaa acctgagcat gtgtagctca gatccttacc 5040
gccggttteg gttcattcta atgaatatat cacccgttac tatcgtattt ttatgaataa 5100
tattcteecgt tcaatttact gattgtgtcg acgcgatcege gtgcaaacac tgtacggacce 5160
gtggcctaat aggccggtac ccaagtttgt acaaaaaagc aggctccatg attacgccaa 5220
gcttggccac taaggccaat ttaaatctac taggccggec atcgacggcece cggactgtat 5280
ccaacttctg atctttgaat ctctctgtte caacatgttc tgaaggagtt ctaagacttt 5340
tcagaaagct tgtaacatgc tttgtagact ttctttgaat tactcttgca aactctgatt 5400
gaacctacgt gaaaactgct ccagaagttc taaccaaatt ccgtcttggg aaggcccaaa 5460
atttattgag tacttcagtt tcatggacgt gtcttcaaag atttataact tgaaatccca 5520
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tcatttttaa gagaagttct gttccgcaat gtcttagatc tcattgaaat ctacaactct 5580
tgtgtcagaa gttcttccag aatcaacttg catcatggtg aaaatctggc cagaagttct 5640
gaacttgtca tatttcttaa cagttagaaa aatttctaag tgtttagaat tttgactttt 5700
ccaaagcaaa cttgactttt gactttctta ataaaacaaa cttcatattc taacatgtct 5760
tgatgaaatg tgattcttga aatttgatgt tgatgcaaaa gtcaaagttt gacttttcag 5820
tgtgcaattg accattttgc tcecttgtgcca attccaaacc taaattgatg tatcagtgcet 5880
gcaaacttga tgtcatggaa gatcttatga gaaaattctt gaagactgag aggaaaaatt 5940
ttgtagtaca acacaaagaa tcctgttttt catagtcgga ctagacacat taacataaaa 6000
caccacttca ttcgaagagt gattgaagaa ggaaatgtgc agttaccttt ctgcagttca 6060
taagagcaac ttacagacac ttttactaaa atactacaaa gaggaagatt ttaacaactt 6120
agagaagtaa tgggagttaa agagcaacac attaaggggg agtgttaaaa ttaatgtgtt 6180
gtaaccacca ctacctttag taagtattat aagaaaattg taatcatcac attataatta 6240
ttgtccttat ttaaaattat gataaagttg tatcattaag attgagaaaa ccaaatagtc 6300
ctcgtettga tttttgaatt attgttttcet atgttacttt tcecttcaagcc tatataaaaa 6360
ctttgtaatg ctaaattgta tgctggaaaa aaatgtgtaa tgaattgaat agaaattatg 6420
gtatttcaaa gtccaaaatc catcaataga aatttagtac aaaacgtaac tcaaaaatat 6480
tctettattt taaattttac aacaatataa aaatattctc ttattttaaa ttttacaata 6540
atataattta tcacctgtca cctttagaat accaccaaca atattaatac ttagatattt 6600
tattcttaat aattttgaga tctctcaata tatctgatat ttattttata tttgtgtcat 6660
attttcttat gttttagagt taacccttat atcttggtca aactagtaat tcaatatatg 6720
agtttgtgaa ggacacattg acatcttgaa acattggttt taaccttgtt ggaatgttaa 6780
aggtaataaa acattcagaa ttatgaccat ctattaatat acttcctttg tettttaaaa 6840
aagtgtgcat gaaaatgctc tatggtaagc tagagtgtct tgctggcecctg tgtatatcaa 6900
ttccatttece agatggtaga aactgccact acgaataatt agtcataaga cacgtatgtt 6960
aacacacgtc cccttgcatg ttttttgcca tatattcegt ctcectttcecttt ttettcacgt 7020
ataaaacaat gaactaatta atagagcgat caagctgaac tggtgcttaa acactctggt 7080
gagttctagt acttctgcta tgatcgatct cattaccatt tcecttaaattt ctcectccectaa 7140
atattccgag ttcttgattt ttgataactt caggttttcect ctttttgata aatctggtct 7200
ttccattttt ttttttttgt ggttaattta gtttcctatg ttcttcgatt gtattatgceca 7260
tgatctgtgt ttggattctg ttagattatg tattggtgaa tatgtatgtg tttttgcatg 7320
tctggttttg gtcttaaaaa tgttcaaatc tgatgatttg attgaagctt ttttagtgtt 7380
ggtttgattc ttctcaaaac tactgttaat ttactatcat gttttccaac tttgattcat 7440
gatgacactt ttgttctgct ttgttataaa attttggttg gtttgatttt gtaattatag 7500
tgtaattttg ttaggaatga acatgtttta atactctgtt ttcgatttgt cacacattcg 7560
aattattaat cgataattta actgaaaatt catggttcta gatcttgttg tcatcagatt 7620
atttgtttcg ataattcatc aaatatgtag tccttttget gatttgcgac tgtttcattt 7680
tttctcaaaa ttgttttttyg ttaagtttat ctaacagtta tcgttgtcaa aagtctcttt 7740
cattttgcaa aatcttcttt ttttttttgt ttgtaacttt gttttttaag ctacacattt 7800
agtctgtaaa atagcatcga ggaacagttg tcttagtaga cttgcatgtt cttgtaactt 7860
ctatttgttt cagtttgttg atgactgctt tgattttgta ggtcaaaggc gcgcctacca 7920
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tgtgtgttga gaccgagaac aacgatggaa tccctactgt ggagatcgcet ttcgatggag 7980
agagagaaag agctgaggct aacgtgaagt tgtctgctga gaagatggaa cctgctgett 8040
tggctaagac cttcgctaga agatacgtgg ttatcgaggg agttgagtac gatgtgaccg 8100
atttcaaaca tcctggagga accgtgattt tctacgetcet ctctaacact ggagctgatg 8160
ctactgaggc tttcaaggag ttccaccaca gatctagaaa ggctaggaag gcectttggetg 8220
ctttgecctte tagacctgct aagaccgcta aagtggatga tgctgagatg ctccaggatt 8280
tcgctaagtyg gagaaaggag ttggagaggg acggattcectt caageccttet ccectgctcatg 8340
ttgcttacag attcgctgag ttggctgcta tgtacgettt gggaacctac ttgatgtacg 8400
ctagatacgt tgtgtcctcect gtgttggttt acgcttgett cttcecggaget agatgtggat 8460
gggttcaaca cgagggagga cactcttctt tgaccggaaa catctggtgg gataagagaa 8520
tccaagettt cactgctgga ttecggattgg ctggatcectgg agatatgtgg aactccatgce 8580
acaacaagca ccacgctact cctcaaaaag tgaggcacga tatggatttg gataccactc 8640
ctgctgttge tttcttcaac accgctgtgg aggataatag acctagggga ttctctaagt 8700
actggctcag attgcaagct tggaccttca ttectgtgac ttctggattg gtgttgectcet 8760
tctggatgtt cttcectcecac ccecttctaagg ctttgaaggg aggaaagtac gaggagcttg 8820
tgtggatgtt ggctgctcac gtgattagaa cctggaccat taaggctgtt actggattca 8880
ccgctatgca atcctacgga ctettettgg ctacttettg ggttteccgga tgctacttgt 8940
tcgctcactt ctctacttet cacacccact tggatgttgt tecctgctgat gagcacttgt 9000
cttgggttag gtacgctgtyg gatcacacca ttgatatcga tccttctcag ggatgggtta 9060
actggttgat gggatacttg aactgccaag tgattcacca cctcttccect tetatgecte 9120
aattcagaca acctgaggtg tccagaagat tcgttgettt cgctaagaag tggaacctca 9180
actacaaggt gatgacttat gctggagctt ggaaggctac tttgggaaac ctcgataatg 9240
tgggaaagca ctactacgtg cacggacaac actctggaaa gaccgcttga ttaattaact 9300
aagactccca aaaccacctt cecctgtgaca gttaaaccct gettatacct ttectectaa 9360
taatgttcat ctgtcacaca aactaaaata aataaaatgg gagcaataaa taaaatggga 9420
gctcatatat ttacaccatt tacactgtct attattcacc atgccaatta ttacttcata 9480
attttaaaat tatgtcattt ttaaaaattg cttaatgatg gaaaggatta ttataagtta 9540
aaagtataac atagataaac taaccacaaa acaaatcaat ataaactaac ttactctccc 9600
atctaatttt tatttaaatt tctttacact tctctteccat ttctatttet acaacattat 9660
ttaacatttt tattgtattt ttcttacttt ctaactctat tcatttcaaa aatcaatata 9720
tgtttatcac cacctctcta aaaaaaactt tacaatcatt ggtccagaaa agttaaatca 9780
cgagatggtc attttagcat taaaacaacg attcttgtat cactattttt cagcatgtag 9840
tccattetet tcaaacaaag acagcggcta tataatcgtt gtgttatatt cagtctaaaa 9900
caaggcgcct actaccggta attcccggga ttagecggecg ctagtcectgtg cgcacttgta 9960
tcetgcaggt taggccggec acacgggcag gacataggga ctactacaag catagtatge 10020
ttcagacaaa gagctaggaa agaactcttg atggaggtta agagaaaaaa gtgctagagg 10080
ggcatagtaa tcaaacttgt caaaaccgtc atcatgatga gggatgacat aatataaaaa 10140
gttgactaag gtcttggtag tactctttga ttagtattat atattggtga gaacatgagt 10200
caagaggaga caagaaaccg aggaaccata gtttagcaac aagatggaag ttgcaaagtt 10260
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gagctageceg ctcgattagt tacatctcct aagcagtact acaaggaatg gtctctatac 10320
tttcatgttt agcacatggt agtgcggatt gacaagttag aaacagtgct taggagacaa 10380
agagtcagta aaggtattga aagagtgaag ttgatgctcg acaggtcagg agaagtccct 10440
ccgccagatg gtgactacca aggggttggt atcagctgag acccaaataa gattcttcgg 10500
ttgaaccagt ggttcgaccg agactcttag ggtgggattt cactgtaaga tttgtgcatt 10560
ttgttgaata taaattgaca atttttttta tttaattata gattatttag aatgaattac 10620
atatttagtt tctaacaagg atagcaatgg atgggtatgg gtacaggtta aacatatcta 10680
ttacccaccce atctagtegt cgggttttac acgtacccac ccgtttacat aaaccagacc 10740
ggaattttaa accgtacccg tcegttageg ggtttcagat ttacccecgttt aatcgggtaa 10800
aacctgatta ctaaatatat attttttatt tgataaacaa aacaaaaatg ttaatatttt 10860
catattggat gcaattttaa gaaacacata ttcataaatt tccatatttg taggaaaata 10920
aaaagaaaaa tatattcaag aacacaaatt tcaccgacat gacttttatt acagagttgg 10980
aattagatct aacaattgaa aaattaaaat taagatagaa tatgttgagg aacatgacat 11040
agtataatgc tgggttaccc gtcgggtagg tatcgaggcg gatactacta aatccatcce 11100
actcgctatce cgataatcac tggtttcggg tatacccatt cccgtcaaca ggccttttta 11160
accggataat ttcaacttat agtgaatgaa ttttgaataa atagttagaa taccaaaatc 11220
ctggattgca tttgcaatca aattttgtga accgttaaat tttgcatgta cttgggatag 11280
atataataga accgaatttt cattagttta atttataact tactttgttc aaagaaaaaa 11340
aatatctatc caatttactt ataataaaaa ataatctatc caagttactt attataatca 11400
acttgtaaaa aggtaagaat acaaatgtgg tagcgtacgt gtgattatat gtgacgaaat 11460
gttatatcta acaaaagtcc aaattcccat ggtaaaaaaa atcaaaatgc atggcaggct 11520
gtttgtaacc ttggaataag atgttggcca attctggage cgccacgtac gcaagactca 11580
gggccacgtt ctecttcatge aaggatagta gaacaccact ccacccacct cctatattag 11640
acctttgcece aaccctceecece aactttecca tceccatccac aaagaaaccg acatttttat 11700
cataaatcag ggtttcgttt ttgtttcatc gataaactca aaggtgatga ttttagggtce 11760
ttgtgagtgt gettttttgt ttgattctac tgtagggttt atgttcttta gctcataggt 11820
tttgtgtatt tcttagaaat gtggcttctt taatctectgg gtttgtgact ttttgtgtgg 11880
tttctgtgtt tttcatatca aaaacctatt ttttccgagt ttttttttac aaattcttac 11940
tctcaagett gaatacttca catgcagtgt tcttttgtag attttagagt taatgtgtta 12000
aaaagtttgg atttttcttg cttatagagc ttcttcactt tgattttgtg ggtttttttg 12060
ttttaaaggt gagatttttg atgaggtttt tgcttcaaag atgtcacctt tctgggtttg 12120
tcttttgaat aaagctatga actgtcacat ggctgacgca attttgttac tatgtcatga 12180
aagctgacgt ttttccgtgt tatacatgtt tgcttacact tgcatgcgtc aaaaaaattg 12240
gggcttttta gttttagtca aagattttac ttctecttttg ggatttatga aggaaagttg 12300
caaactttct caaattttac catttttgct ttgatgtttg tttagattgc gacagaacaa 12360
actcatatat gttgaaattt ttgcttggtt ttgtatagga ttgtgtcttt tgcttataaa 12420
tgttgaaatc tgaacttttt ttttgtttgg tttctttgag caggagataa ggcgcgccct 12480
accatggatg cttataacgc tgctatggat aagattggag ctgctatcat cgattggagt 12540
gatccagatg gaaagttcag agctgatagg gaggattggt ggttgtgcga tttcagatcc 12600
gctatcacca ttgctctcat ctacatcget ttcecgtgatet tgggatctgce tgtgatgcaa 12660
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tctecteccag ctatggacce ataccctatce aagttcectcet acaacgtgtce tcaaatctte 12720
ctectgegett acatgactgt tgaggctgga ttcctcegett ataggaacgg atacaccgtt 12780
atgccatgca accacttcaa cgtgaacgat ccaccagttg ctaacttgct ctggectctte 12840
tacatctcca aagtgtggga tttctgggat accatcttca ttgtgctcecgg aaagaagtgg 12900
agacaactct ctttcttgca cgtgtaccac cacaccacca tcttectcett ctactggttg 12960
aacgctaacg tgctctacga tggagatatc ttcttgacca tcctecctcaa cggattcatt 13020
cacaccgtga tgtacaccta ctacttcatc tgcatgcaca ccaaggattc taagaccgga 13080
aagtctttgce caatctggtg gaagtcatct ttgaccgcectt tccaactctt gcaattcacce 13140
atcatgatgt cccaagctac ctacttggtt ttccacggat gcgataaggt ttccctcaga 13200
atcaccatcg tgtacttcegt gtacattcte tceccttttet tectettege tcagttette 13260
gtgcaatcct acatggctce aaagaagaag aagtccgctt gatgttaatt aaggccgcag 13320
atatcagatc tggtcgacct agaggatccc cggccgcaaa gataataaca aaagcctact 13380
atataacgta catgcaagta ttgtatgata ttaatgtttt tacgtacgtg taaacaaaaa 13440
taattacgtt tgtaacgtat ggtgatgatg tggtgcacta ggtgtaggcc ttgtattaat 13500
aaaaagaagt ttgttctata tagagtggtt tagtacgacg atttatttac tagtcggatt 13560
ggaatagaga accgaattct tcaatccttg cttttgatca agaattgaaa ccgaatcaaa 13620
tgtaaaagtt gatatatttg aaaaacgtat tgagcttatg aaaatgctaa tactctcatc 13680
tgtatggaaa agtgacttta aaaccgaact taaaagtgac aaaaggggaa tatcgcatca 13740
aaccgaatga aaccgatggc gecctaccggt atcggteccga ttgcggceccge ttaaagggeg 13800
aattcgttta aacactgtac ggaccgtggc ctaataggcce ggtaccaccc agctttcecttg 13860
tacaaagtgg ccatgattac gccaagcttg gccactaagg ccaatttaaa tctactagge 13920
cggccataag gatgacctac ccattcttga gacaaatgtt acattttagt atcagagtaa 13980
aatgtgtacc tataactcaa attcgattga catgtatcca ttcaacataa aattaaacca 14040
gcctgcacct gcatccacat ttcaagtatt ttcaaaccgt tcggcteccta tccaccgggt 14100
gtaacaagac ggattccgaa tttggaagat tttgactcaa attcccaatt tatattgacc 14160
gtgactaaat caactttaac ttctataatt ctgattaagc tcccaattta tattcccaac 14220
ggcactacct ccaaaattta tagactctca tcccctttta aaccaactta gtaaacgttt 14280
tttttttaat tttatgaagt taagttttta ccttgttttt aaaaagaatc gttcataaga 14340
tgccatgcca gaacattagce tacacgttac acatagcatg cagccgcgga gaattgtttt 14400
tcttegecac ttgtcactece cttcaaacac ctaagagctt ctctectcaca gcacacacat 14460
acaatcacat gcgtgcatgc attattacac gtgatcgcca tgcaaatctc ctttatagece 14520
tataaattaa ctcatcggct tcactcttta ctcaaaccaa aactcatcaa tacaaacaag 14580
attaaaaaca agttctttgc tttcgaagtt gccgcaacct aaacaggttt ttceccttette 14640
tttcttetta ttaactacga ccttgtectt tgcctatgta aaattactag gttttcatca 14700
gttacactga ttaagttcgt tatagtggaa gataaaatgc cctcaaagca ttttgcagga 14760
tatctttgat ttttcaaaga tatggaactg tagagtttga tagtgttctt gaatgtggtt 14820
gcatgaagtt tttttggtct gcatgttatt ttttcctcga aatatgtttt gagtccaaca 14880
agtgattcac ttgggattca gaaagttgtt ttctcaatat gtaacagttt ttttctatgg 14940
agaaaaatca tagggaccgt tggttttggc ttctttaatt ttgagctcag attaaaccca 15000
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ttttacccgg tgttcttgge agaattgaaa acagtacgta gtaccgccat ggctattttg 15060
aaccctgagg ctgattctge tgctaacctce gctactgatt ctgaggctaa gcaaagacaa 15120
ttggctgagg ctggatacac tcatgttgag ggtgctcctg ctectttgece tttggagttg 15180
cctcatttet ctctcagaga tctcagagct gctattceccta agcactgctt cgagagatct 15240
ttecgtgacct ccacctacta catgatcaag aacgtgttga cttgcgctge tttgttctac 15300
gctgctacct tcattgatag agctggaget getgcettatg ttttgtggece tgtgtactgg 15360
ttecttecagg gatcttactt gactggagtg tgggttatcg ctcatgagtg tggacatcag 15420
gcttattget cttectgaggt ggtgaacaac ttgattggac tcgtgttgca ttetgetttg 15480
ttggtgectt accactcttg gagaatctct cacagaaagce accattccaa cactggatct 15540
tgcgagaacg atgaggtttt cgttcctgtg accagatctg tgttggcette ttcttggaac 15600
gagaccttgg aggattctce tctcectaccaa ctctaccgta tcegtgtacat gttggttgtt 15660
ggatggatgc ctggatacct cttcecttcaac gctactggac ctactaagta ctggggaaag 15720
tctaggtcte acttcaacce ttactceccgcet atctatgetg atagggagag atggatgatce 15780
gtgctcteeg atattttcectt ggtggctatg ttggetgttt tggectgecttt ggtgcacact 15840
ttctecttca acaccatggt gaagttctac gtggtgectt acttcattgt gaacgcttac 15900
ttggtgttga ttacctacct ccaacacacc gatacctaca tccctcattt cagagaggga 15960
gagtggaatt ggttgagagg agctttgtgc actgtggata gatcatttgg tccattccte 16020
gattctgtgg tgcatagaat cgtggatacc catgtttgcc accacatctt ctceccaagatg 16080
cctttetate attgcgagga ggctaccaac gctattaage ctctectcecgg aaagttctac 16140
ttgaaggata ccactcctgt tecctgttgcet ctctggagat cttacaccca ttgcaagtte 16200
gttgaggatg atggaaaggt ggtgttctac aagaacaagc tctagttaat taataattga 16260
ttggttcgag tattatggca ttgggaaaac tgtttttett gtaccatttg ttgtgettgt 16320
aatttactgt gttttttatt cggttttcgce tatcgaactg tgaaatggaa atggatggag 16380
aagagttaat gaatgatatg gtccttttgt tcattctcaa attaatatta tttgtttttt 16440
ctcttatttg ttgtgtgttyg aatttgaaat tataagagat atgcaaacat tttgttttga 16500
gtaaaaatgt gtcaaatcgt ggcctctaat gaccgaagtt aatatgagga gtaaaacact 16560
tgtagttgta ccattatgct tattcactag gcaacaaata tattttcaga cctagaaaag 16620
ctgcaaatgt tactgaatac aagtatgtcc tcttgtgttt tagacattta tgaactttcc 16680
tttatgtaat tttccagaat ccttgtcaga ttctaatcat tgctttataa ttatagttat 16740
actcatggat ttgtagttga gtatgaaaat attttttaat gcattttatg acttgccaat 16800
tgattgacaa catgcatcaa tggcgcctac taccggtaat tcccgggatt agcggecget 16860
agtctgtgeg cacttgtatc ctgcaggtca atcgtttaaa cactgtacgg accgtggecct 16920
aataggccgg tacccaactt tattatacat agttgataat tcactggccg gatgtaccga 16980
attcgecggece gcaagcttgt acactagtac gcgtcaattg gcgatcgcegg atctgagatg 17040
aaaccggtga ttatcagaac cttttatggt ctttgtatgce atatggtaaa aaaacttagt 17100
ttgcaatttc ctgtttgttt tggtaatttg agtttctttt agttgttgat ctgcctgett 17160
tttggtttac gtcagactac tactgctgtt gttgtttggt ttcctttcett tcattttata 17220
aataaataat ccggttcggt ttactcecttg tgactggcte agtttggtta ttgcgaaatg 17280
cgaatggtaa attgagtaat tgaaattcgt tattagggtt ctaagctgtt ttaacagtca 17340
ctgggttaat atctctcgaa tcecttgcatgg aaaatgctct taccattggt ttttaattga 17400
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aatgtgctca tatgggccgt ggtttccaaa ttaaataaaa ctacgatgtc atcgagaagt 17460
aaaatcaact gtgtccacat tatcagtttt gtgtatacga tgaaataggg taattcaaaa 17520
tctagettga tatgcctttt ggttcatttt aaccttetgt aaacattttt tcagattttg 17580
aacaagtaaa tccaaaaaaa aaaaaaaaaa atctcaactc aacactaaat tattttaatg 17640
tataaaagat gcttaaaaca tttggcttaa aagaaagaag ctaaaaacat agagaactct 17700
tgtaaattga agtatgaaaa tatactgaat tgggtattat atgaattttt ctgatttagg 17760
attcacatga tccaaaaagg aaatccagaa gcactaatca gacattggaa gtaggaatat 17820
ttcaaaaagt tttttttttt taagtaagtg acaaaagctt ttaaaaaata gaaaagaaac 17880
tagtattaaa gttgtaaatt taataaacaa aagaaatttt ttatattttt tcatttcttt 17940
ttccagcatg aggttatgat ggcaggatgt ggatttcatt ttttteccttt tgatagecctt 18000
ttaattgatc tattataatt gacgaaaaaa tattagttaa ttatagatat attttaggta 18060
gtattagcaa tttacacttc caaaagacta tgtaagttgt aaatatgatg cgttgatctc 18120
ttcatcattc aatggttagt caaaaaaata aaagcttaac tagtaaacta aagtagtcaa 18180
aaattgtact ttagtttaaa atattacatg aataatccaa aacgacattt atgtgaaaca 18240
aaaacaatat agatccatta ccctgttatc cctagagggg aaaattcgaa tccaaaaatt 18300
acggatatga atataggcat atccgtatcc gaattatccg tttgacagct agcaacgatt 18360
gtacaattgc ttctttaaaa aaggaagaaa gaaagaaaga aaagaatcaa catcagcgtt 18420
aacaaacggc cccgttacgg cccaaacggt catatagagt aacggcgtta agcgttgaaa 18480
gactcctatc gaaatacgta accgcaaacg tgtcatagtc agatcccctce ttecttcace 18540
gcctcaaaca caaaaataat cttctacage ctatatatac aacccccect tctatctcete 18600
ctttctcaca attcatcatc tttctttcte tacccccaat tttaagaaat cctctettet 18660
cctecttecatt ttcaaggtaa atctctcectcet ctcectctetet ctetgttatt cettgtttta 18720
attaggtatg tattattgct agtttgttaa tctgcttatc ttatgtatgce cttatgtgaa 18780
tatctttatc ttgttcatct catccgttta gaagctataa atttgttgat ttgactgtgt 18840
atctacacgt ggttatgttt atatctaatc agatatgaat ttcttcatat tgttgegttt 18900
gtgtgtacca atccgaaatc gttgattttt ttcatttaat cgtgtagcta attgtacgta 18960
tacatatgga tctacgtatc aattgttcat ctgtttgtgt ttgtatgtat acagatctga 19020
aaacatcact tctctcatct gattgtgttg ttacatacat agatatagat ctgttatatc 19080
atttttttta ttaattgtgt atatatatat gtgcatagat ctggattaca tgattgtgat 19140
tatttacatg attttgttat ttacgtatgt atatatgtag atctggactt tttggagttg 19200
ttgacttgat tgtatttgtg tgtgtatatg tgtgttctga tcttgatatg ttatgtatgt 19260
gcagctgaac catggcggcg gcaacaacaa caacaacaac atcttcttcg atctecttet 19320
ccaccaaacc atctccttec tectceccaaat caccattacce aatctccaga ttcteectcece 19380
cattcteccct aaaccccaac aaatcatcct cctectececcg ccgecgeggt atcaaatcca 19440
gctectececte ctecatcectee gecegtgctca acacaaccac caatgtcaca accactccect 19500
ctccaaccaa acctaccaaa cccgaaacat tcatctceccg attcegectceca gatcaacccece 19560
gcaaaggcgce tgatatccte gtcgaagett tagaacgtca aggcgtagaa accgtattcg 19620
cttaccectgg aggtacatca atggagattc accaagcctt aacccgctcect tectcaatce 19680
gtaacgtecct tcecctegtcac gaacaaggag gtgtattcge agcagaagga tacgctcgat 19740



155

US 9,428,757 B2

156

-continued
cctcaggtaa accaggtatc tgtatagcca cttcaggtce cggagctaca aatctegtta 19800
gcggattage cgatgcgttg ttagatagtg ttcecctettgt agcaatcaca ggacaagtce 19860
ctcgtegtat gattggtaca gatgcegtttce aagagactce gattgttgag gtaacgegtt 19920
cgattacgaa gcataactat cttgtgatgg atgttgaaga tatccctagg attattgagg 19980
aagctttett tttagctact tetggtagac ctggacctgt tttggttgat gttcctaaag 20040
atattcaaca acagcttgcg attcctaatt gggaacaggce tatgagatta cctggttata 20100
tgtctaggat gcctaaacct ccggaagatt ctcatttgga gcagattgtt aggttgattt 20160
ctgagtctaa gaagcctgtg ttgtatgttg gtggtggttg tttgaattct agcgatgaat 20220
tgggtaggtt tgttgagctt acggggatcc ctgttgcgag tacgttgatg gggctgggat 20280
cttatcecttg tgatgatgag ttgtcgttac atatgcttgg aatgcatggg actgtgtatg 20340
caaattacgc tgtggagcat agtgatttgt tgttggcgtt tggggtaagg tttgatgatc 20400
gtgtcacggg taagcttgag gcttttgcta gtagggctaa gattgttcat attgatattg 20460
actcggctga gattgggaag aataagactc ctcatgtgte tgtgtgtggt gatgttaage 20520
tggctttgca agggatgaat aaggttcttg agaaccgagce ggaggagctt aagcttgatt 20580
ttggagtttg gaggaatgag ttgaacgtac agaaacagaa gtttccgttg agctttaaga 20640
cgtttgggga agctattcct ccacagtatg cgattaaggt ccttgatgag ttgactgatg 20700
gaaaagccat aataagtact ggtgtcgggce aacatcaaat gtgggcggcg cagttctaca 20760
attacaagaa accaaggcag tggctatcat caggaggcct tggagctatg ggatttggac 20820
ttectgetge gattggageg tetgttgcta accctgatge gatagttgtg gatattgacg 20880
gagatggaag ctttataatg aatgtgcaag agctagccac tattcgtgta gagaatcttc 20940
cagtgaaggt acttttatta aacaaccagc atcttggcat ggttatgcaa tgggaagatc 21000
ggttctacaa agctaaccga gctcacacat ttctecgggga tccggctcag gaggacgaga 21060
tattccecgaa catgttgetg tttgcagcag cttgcgggat tccageggceg agggtgacaa 21120
agaaagcaga tctccgagaa gctattcaga caatgctgga tacaccagga ccttacctgt 21180
tggatgtgat ttgtccgcac caagaacatg tgttgccgat gatcccgaat ggtggcactt 21240
tcaacgatgt cataacggaa ggagatggcc ggattaaata ctgataggga taacagggta 21300
atctcgacga gatgaaaccg gtgattatca gaacctttta tggtctttgt atgcatatgg 21360
taaaaaaact tagtttgcaa tttcctgttt gttttggtaa tttgagtttc ttttagttgt 21420
tgatctgcct getttttggt ttacgtcaga ctactactge tgttgttgtt tggtttecctt 21480
tctttecattt tataaataaa taatccggtt cggtttacte cttgtgactg gctcagtttg 21540
gttattgcga aatgcgaatg gtaaattgag taattgaaat tcgttattag ggttctaage 21600
tgttttaaca gtcactgggt taatatctct cgaatcttgce atggaaaatg ctcttaccat 21660
tggtttttaa ttgaaatgtg ctcatatggg ccgtggtttc caaattaaat aaaactacga 21720
tgtcatcgag aagtaaaatc aactgtgtcc acattatcag ttttgtgtat acgatgaaat 21780
agggtaattc aaaatctagc ttgatatgcc ttttggttca ttttaacctt ctgtaaacat 21840
tttttcagat tttgaacaag taaatccaaa aaaaaaaaaa aaaaatctca actcaacact 21900
aaattatttt aatgtataaa agatgcttaa aacatttggc ttaaaagaaa gaagctaaaa 21960
acatagagaa ctcttgtaaa ttgaagtatg aaaatatact gaattgggta ttatatgaat 22020
ttttctgatt taggattcac atgatccaaa aaggaaatcc agaagcacta atcagacatt 22080
ggaagtagga atatttcaaa aagttttttt tttttaagta agtgacaaaa gcttttaaaa 22140



157

US 9,428,757 B2

158

-continued
aatagaaaag aaactagtat taaagttgta aatttaataa acaaaagaaa ttttttatat 22200
tttttcattt ctttttccag catgaggtta tgatggcagg atgtggattt cattttttte 22260
cttttgatag ccttttaatt gatctattat aattgacgaa aaaatattag ttaattatag 22320
atatatttta ggtagtatta gcaatttaca cttccaaaag actatgtaag ttgtaaatat 22380
gatgcgttga tctecttcate attcaatggt tagtcaaaaa aataaaagct taactagtaa 22440
actaaagtag tcaaaaattg tactttagtt taaaatatta catgaataat ccaaaacgac 22500
atttatgtga aacaaaaaca atatgtcgag gcgatcgcag tacttaatca gtgatcagta 22560
actaaattca gtacattaaa gacgtccgca atgtgttatt aagttgtcta agcgtcaatt 22620
tgtttacacc acaatatatc ctgccaccag ccagccaaca gctccceccgac cggcagctcecg 22680
gcacaaaatc actgatcatc taaaaaggtg atgtgtattt gagtaaaaca gcttgcgtca 22740
tgcggteget gegtatatga tgcgatgagt aaataaacaa atacgcaagg ggaacgcatg 22800
aaggttatcg ctgtacttaa ccagaaaggc gggtcaggca agacgaccat cgcaacccat 22860
ctagccecegeg cectgcaact cgccggggcece gatgttetgt tagtcgatte cgatccccag 22920
ggcagtgccece gcgattggge ggccegtgcgg gaagatcaac cgctaaccgt tgteggcatce 22980
gaccgcccega cgattgaccg cgacgtgaag gccatcggec ggcgcgactt cgtagtgatce 23040
gacggagcge cccaggcggce ggacttgget gtgtccgcga tcaaggcagce cgacttcegtg 23100
ctgattcecgg tgcagccaag cccttacgac atttgggcca ccgcecgacct ggtggagctg 23160
gttaagcagc gcattgaggt cacggatgga aggctacaag cggcctttgt cgtgtecgegg 23220
gcgatcaaag gcacgcgcat cggcggtgag gttgccgagg cgctggccgg gtacgagcetg 23280
cccattettg agtcccgtat cacgcagcecge gtgagctacce caggcactge cgccgecgge 23340
acaaccgttce ttgaatcaga acccgagggc gacgctgcece gcgaggtcca ggcgetggece 23400
gctgaaatta aatcaaaact catttgagtt aatgaggtaa agagaaaatg agcaaaagca 23460
caaacacgct aagtgccggce cgtccgagceg cacgcagcag caaggctgca acgttggcca 23520
gcctggcaga cacgccagcece atgaagceggg tcaactttca gttgccggceg gaggatcaca 23580
ccaagctgaa gatgtacgcg gtacgccaag gcaagaccat taccgagctg ctatctgaat 23640
acatcgcgca gctaccagag taaatgagca aatgaataaa tgagtagatg aattttagceg 23700
gctaaaggag gcggcatgga aaatcaagaa caaccaggca ccgacgccgt ggaatgccce 23760
atgtgtggag gaacgggcgg ttggccaggce gtaagcggct gggttgtctg ccggeectge 23820
aatggcactg gaacccccaa geccgaggaa tcggcgtgag cggtcgcaaa ccatccggece 23880
cggtacaaat cggcgcggceg ctgggtgatg acctggtgga gaagttgaag gccgcecgcagg 23940
ccgcccageg gcaacgcatce gaggcagaag cacgccccegg tgaatcgtgg caaggggcceg 24000
ctgatcgaat ccgcaaagaa tcccggcaac cgccggcage cggtgegcecg tcgattagga 24060
agccgceccaa gggcgacgag caaccagatt ttttcecgttcece gatgectctat gacgtgggca 24120
ccegegatag tecgcagcatce atggacgtgg ccegttttecg tectgtcgaag cgtgaccgac 24180
gagctggcega ggtgatccge tacgagcettce cagacgggca cgtagaggtt tccgcaggcce 24240
ccgccggcat ggccagtgtg tgggattacg acctggtact gatggeggtt tcccatctaa 24300
ccgaatccat gaaccgatac cgggaaggga agggagacaa gcccggccgce gtgttecgte 24360
cacacgttgc ggacgtactc aagttctgcc ggcgagccga tggcggaaag cagaaagacg 24420
acctggtaga aacctgcatt cggttaaaca ccacgcacgt tgccatgcag cgtaccaaga 24480
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aggccaagaa cggccgcectg gtgacggtat ccgagggtga agecttgatt agccgctaca 24540
agatcgtaaa gagcgaaacc gggcggccgg agtacatcga gatcgagctt gectgattgga 24600
tgtaccgcga gatcacagaa ggcaagaacc cggacgtgct gacggttcac cccgattact 24660
ttttgatcga ccccggcate ggccgtttte tctaccgect ggcacgceccge gecgcaggca 24720
aggcagaagc cagatggttg ttcaagacga tctacgaacg cagtggcagc gccggagagt 24780
tcaagaagtt ctgtttcacc gtgcgcaagce tgatcgggtc aaatgacctg ccggagtacg 24840
atttgaagga ggaggcgggg caggctggcce cgatcctagt catgcgctac cgcaacctga 24900
tcgagggcga agcatccgec ggttectaat gtacggagca gatgctaggg caaattgcce 24960
tagcagggga aaaaggtcga aaaggtctct ttcecctgtgga tagcacgtac attgggaacc 25020
caaagccgta cattgggaac cggaacccgt acattgggaa cccaaagccg tacattggga 25080
accggtcaca catgtaagtg actgatataa aagagaaaaa aggcgatttt tccgcctaaa 25140
actctttaaa acttattaaa actcttaaaa cccgcctgge ctgtgcataa ctgtetggece 25200
agcgcacagce cgaagagctg caaaaagcgce ctaccctteg gtcecgetgcege teccctacgee 25260
ccgecgette gegteggect atcgeggect atgeggtgtg aaataccgca cagatgegta 25320
aggagaaaat accgcatcag gcgctcecttcee gcttectege tcactgacte getgegeteg 25380
gtcgttegge tgcggcgage ggtatcaget cactcaaagg cggtaatacg gttatccaca 25440
gaatcagggg ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac 25500
cgtaaaaagg ccgcgttget ggcgttttte cataggctce geccccecctga cgagcatcac 25560
aaaaatcgac gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg 25620
tttcececectyg gaagectceect cgtgegetcet cctgttecga ccecctgecget taccggatac 25680
ctgtcegect ttcteccctte gggaagegtg gcecgcetttete atagectcacg ctgtaggtat 25740
ctcagttcgg tgtaggtegt tegctcecaag ctgggctgtg tgcacgaacc ccccgttcag 25800
ccecgacceget gegcecttate cggtaactat cgtcecttgagt ccaacccggt aagacacgac 25860
ttatcgccac tggcagcagce cactggtaac aggattagca gagcgaggta tgtaggcggt 25920
gctacagagt tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt 25980
atctgcgetce tgctgaagec agttaccttce ggaaaaagag ttggtagctce ttgatccgge 26040
aaacaaacca ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga 26100
aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg ggtccttcaa ctcatcgata 26160
gtttggctgt gagcaattat gtgcttagtg catctaacgc ttgagttaag ccgcegccgeg 26220
aagcggcegte ggcttgaacg aatttctage tagacattat ttgccaacga ccttegtgat 26280
ctcgeecttg acatagtgga caaattctte gagetggteg gecccgggacg cgagacggte 26340
ttettettgg cccagatagg cttggegege ttcgaggate acgggcectggt attgegecgg 26400
aaggcgctcce atcgcccagt cggcggcgac atccttegge gcgatcttge cggtaaccge 26460
cgagtaccaa atccggctca gcgtaaggac cacattgecge tcatcgcccg cccaatccgg 26520
cggggagttc cacagggtca gecgtctegtt cagtgcttecg aacagatcct gttcecggcac 26580
cgggtcgaaa agttcecctegg cecgcggggcee gacgagggcce acgctatget cccgggectt 26640
ggtgagcagg atcgccagat caatgtcgat ggtggccggt tcaaagatac ccgccagaat 26700
atcattacgc tgccattcgce cgaactggag ttcgegtttg geccggatage geccaggggat 26760
gatgtcatcg tgcaccacaa tcgtcacctc aaccgcgcge aggatttcecge tctegecggg 26820
ggaggcggac gtttccagaa ggtcegttgat aagcgcgcgg cgcgtggtct cgtcecgagacg 26880
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gacggtaacg gtgacaagca ggtcgatgtce cgaatgggge ttaaggccge cgtcaacgge
gctaccatac agatgcacgg cgaggagggt cggttcgagg tggegetega tgacacccac
gacttcecgac agetgggtgg acacctegge gatgaccget tcacccatga tgtttaactt
tgttttaggg cgactgccct getgegtaac ategttgetg ctccataaca tcaaacatcg
acccacggeg taacgegett getgettgga tgeccgagge atagactgta ccccaaaaaa
acagtcataa caagccatga aaaccgccac tgegttecat gaatattcaa acaaacacat
acagcgcgac ttatcatgga tattgacata caaatggacg aacggataaa ccttttcacg
cccttttaaa tatccgatta ttctaataaa cgetetttte tettaggttt acccgccaat
atatcctgte aaacactgat agtttaaact gaaggcggga aacgacaatc tgatcactga
ttagtaacta aggcctttaa ttaatctaga ggegegecgg gecccctgea gggagetegg
ccggecaatt taaattgata teggtacate gattacgcca agctatcaac tttgtatag
<210> SEQ ID NO 41

<211> LENGTH: 161

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 41

aagcttggece actaaggeca atttaaatct actaggecgg ccaaagtagg cgectactac
cggtaattce cgggattage ggccgctagt ctgtgegeac ttgtatcetyg caggtcaatce
gtttaaacac tgtacggacc gtggcctaat aggccggtac ¢

<210> SEQ ID NO 42

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 42

tggtgcttaa acactectggt gagt

<210> SEQ ID NO 43

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 43

tttgacctac aaaatcaaag cagtca

<210> SEQ ID NO 44

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 44
agttctttge tttcgaagtt go
<210> SEQ ID NO 45

<211> LENGTH: 23
<212> TYPE: DNA

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27539

60

120

161

24

26

22
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

tactacgtac tgttttcaat tct

<210> SEQ ID NO 46

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 46

atttccacac gctttectate attte

<210> SEQ ID NO 47

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 47

ttatctctct ctaaaaaata aaaacgaatc

<210> SEQ ID NO 48

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 48

gtccagaatt ttctcecattg a

<210> SEQ ID NO 49

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 49

tcttcactat ccaaagetcet ca

<210> SEQ ID NO 50

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 50

gtctacttte attacagtga ctctg

<210> SEQ ID NO 51

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 51

ttatatttta cctgcaacac aattcaa

23

25

30

21

22

25

27
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<210> SEQ ID NO 52

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 52

cactcgaata ctgcatgcaa

<210> SEQ ID NO 53

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 53

ttatgtagce tttacacaga aaacaa

<210> SEQ ID NO 54

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 54

aacaactatyg gcctgagggt

<210> SEQ ID NO 55

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 55

ttatcttact gtttttaacc aaaaaataaa at

<210> SEQ ID NO 56

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 56

atcttagggt ttegegagat ctca

<210> SEQ ID NO 57

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 57

tgctaagcta tctctgttaa tataaaattg

<210> SEQ ID NO 58

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

26

20

32

24

30
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<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 58

atttttgttg gtgaaaggta ga 22

<210> SEQ ID NO 59

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 59

ttacgttttt gtctctgett cttet 25

<210> SEQ ID NO 60

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 60

tctgggaaat atcgattttg atct 24

<210> SEQ ID NO 61

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 61

tctcaccaca tcccaaaget ¢ 21

<210> SEQ ID NO 62

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 62

gcacaatctt agcttacctt gaa 23

<210> SEQ ID NO 63

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 63

ttatttaatc cacaagcctt gccte 25

<210> SEQ ID NO 64

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 64

tgtcggagaa gtgggcyg 17
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 65

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 65

agaagtggge ggacg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 66

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 66

tagcttaatce tcagattcga atcgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 67

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 67

tagtatctac ataccaatca tacaaatg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 68

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 68

tttcacgatt tggaatttga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 69

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 69

tctacaacat taaaacgacc atta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 70

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 70

agggtttegt ttttgtttea

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 71

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

15

25

28

20

24

20
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<400> SEQUENCE:

71

ttatctcctyg ctcaaagaaa cca

<210> SEQ ID NO 72

<211> LENGTH:

21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

agaagctcat ttcttegata ¢

72

<210> SEQ ID NO 73

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

tctetgegea aaaattcacce

73

<210> SEQ ID NO 74

<211> LENGTH:

19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

tctaaaaata cagggcacc

74

<210> SEQ ID NO 75

<211> LENGTH:

23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

75

ttactctteg ttgcagaage cta

<210> SEQ ID NO 76

<211> LENGTH:

21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

actgtttaag cttcactgte t

76

<210> SEQ ID NO 77

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

tttcttctaa agctgaaagt

77

<210> SEQ ID NO 78

<211> LENGTH:

27

23

21

20

19

23

21

20
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 78

ttaagctttt aagaatctct actcaca

<210> SEQ ID NO 79

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 79

ttaaatttta cctgtcatca aaaacaaca

<210> SEQ ID NO 80

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 80

tcgacggece ggactgtate caac

<210> SEQ ID NO 81

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 81

actcaccaga gtgtttaage accagttcag cttgatcget ctattaat

<210> SEQ ID NO 82

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 82

attaatagag cgatcaagct gaactggtge ttaaacactc tggtgagt

<210> SEQ ID NO 83

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 83

taaggatgac ctacccatte ttga

<210> SEQ ID NO 84

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 84

27

29

24

48

48

24
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gcaacttcga aagcaaagaa cttgttttta atcttgtttg tattga 46

<210> SEQ ID NO 85

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 85

tcaatacaaa caagattaaa aacaagttct ttgctttega agttge 46

<210> SEQ ID NO 86

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 86

ttagcagata tttggtgtct aaat 24

<210> SEQ ID NO 87

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 87

tcaaattcca aatcgtgaaa ttttttggtg gtgattggtt cttt 44

<210> SEQ ID NO 88

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 88

aaagaaccaa tcaccaccaa aaaatttcac gatttggaat ttga 44

<210> SEQ ID NO 89

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 89

cacgggcagg acatagggac tact 24

<210> SEQ ID NO 90

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 90

tgaaacaaaa acgaaaccct gatttatgat aaaaatgtceg gttt 44
<210> SEQ ID NO 91

<211> LENGTH: 44

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 91

aaaccgacat ttttatcata aatcagggtt tegtttttgt ttca

<210> SEQ ID NO 92

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 92

ctgcagcaaa tttacacatt geca

<210> SEQ ID NO 93

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 93

agacagtgaa gcttaaacag tactggctat gaagaaatta taatc

<210> SEQ ID NO 94

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 94

gattataatt tcttcatagce cagtactgtt taagcttcac tgtct
<210> SEQ ID NO 95

<211> LENGTH: 1197

<212> TYPE: DNA

<213> ORGANISM: Phytophtora sojae

<400> SEQUENCE: 95

atggctattt tgaaccctga ggctgattet getgctaace tcegctactga

aagcaaagac aattggctga ggctggatac actcatgttg agggtgctcece

cctttggagt tgectecattt ctetectcaga gatctcagag ctgctattece

ttcgagagat ctttegtgac ctecacctac tacatgatca agaacgtgtt

getttgttet acgctgctac cttcattgat agagetggag ctgetgetta

cctgtgtact ggttetteca gggatcttac ttgactggag tgtgggttat

tgtggacatc aggcttattg ctettetgag gtggtgaaca acttgattgg

cattctgett tgttggtgee ttaccactcet tggagaatct ctcacagaaa

aacactggat cttgcgagaa cgatgaggtt ttegttectg tgaccagatce

tcttettgga acgagacctt ggaggattcet cctetctace aactctacceg

atgttggttyg ttggatggat gectggatac ctcettetteca acgctactgg

tactggggaa agtctaggte tcacttcaac ccttacteceg ctatctatge

agatggatga tcgtgetete cgatatttte ttggtggeta tgttggetgt

ttggtgcaca ctttectectt caacaccatg gtgaagttet acgtggtgece

ttctgagget

tgctcctttyg

taagcactge

gacttgeget

tgttttgtgg

cgctcatgag

actcgtgttyg

gcaccattce

tgtgttgget

tatcgtgtac

acctactaag

tgatagggag

tttggetget

ttacttcatt

44

24

45

45

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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gtgaacgcett

ttcagagagyg

ggtccattee

ttcteccaaga

ggaaagttct

cattgcaagt

acttggtgtt

gagagtggaa

tcgattetgt

tgccttteta

acttgaagga

tcgttgagga

<210> SEQ ID NO 96
<211> LENGTH: 1371

<212> TYPE:

DNA

gattacctac
ttggttgaga
ggtgcataga
tcattgcgag
taccactcct

tgatggaaag

ctccaacaca

ggagetttgt

atcgtggata

gaggctacca

gtteetgttyg

gtggtgttet

<213> ORGANISM: Ostreococcus tauri

<400> SEQUENCE: 96

atgtgtgttyg

gagagagaaa

ttggctaaga

gatttcaaac

gctactgagyg

getttgectt

ttcgctaagt

gttgcttaca

gctagatacyg

tgggttcaac

atccaagett

cacaacaagc

cctgetgttyg

tactggctca

ttetggatgt

gtgtggatgt

accgctatge

ttegeteact

tcttgggtta

aactggttga

caattcagac

aactacaagg

gtgggaaagc

agaccgagaa

gagctgagge

ccttegetag

atcctggagyg

ctttcaagga

ctagacctge

ggagaaagga

gattcgctga

ttgtgtecte

acgagggagyg

tcactgetygyg

accacgctac

ctttcttcaa

gattgcaagce

tcttecteca

tggctgetca

aatcctacgg

tctctactte

ggtacgctgt

tgggatactt

aacctgaggt

tgatgactta

actactacgt

<210> SEQ ID NO 97
<211> LENGTH: 1371

<212> TYPE:

DNA

caacgatgga

taacgtgaag

aagatacgtg

aaccgtgatt

gttccaccac

taagaccgcet

gttggagagg

gttggetget

tgtgttggtt

acactcttct

attcggattg

tcctcaaaaa

caccgetgtyg

ttggacctte

cccttetaag

cgtgattaga

actcttettyg

tcacacccac

ggatcacacc

gaactgccaa

gtccagaaga

tgctggaget

gcacggacaa

atccctactg

ttgtctgety

gttatcgagg

ttctacgete

agatctagaa

aaagtggatg

gacggattct

atgtacgett

tacgcttget

ttgaccggaa

getggatety

gtgaggcacg

gaggataata

attcctgtga

getttgaagyg

acctggacca

gctacttett

ttggatgttyg

attgatatcg

gtgattcacce

ttegttgett

tggaaggcta

cactctggaa

<213> ORGANISM: Ostreococcus tauri

<400> SEQUENCE: 97

ccgataccta catcccteat

gcactgtgga tagatcattt

cccatgtttyg ccaccacatce

acgctattaa gectctecte

ctctetggag atcttacace

acaagaacaa gctctag

tggagatcge tttcgatgga

agaagatgga acctgctget

gagttgagta cgatgtgacc

tctctaacac tggagctgat

aggctaggaa ggctttgget

atgctgagat gctccaggat

tcaagcctte tectgetcat

tgggaaccta cttgatgtac

tctteggage tagatgtgga

acatctggtyg ggataagaga

gagatatgtg gaactccatg

atatggattt ggataccact

gacctagggg attctctaag

cttetggatt ggtgttgete

gaggaaagta cgaggagctt

ttaaggctgt tactggattce

gggtttcegyg atgctacttg

ttcectgetga tgagcacttyg

atccttectca gggatgggtt

acctecttece ttetatgect

tcgctaagaa gtggaaccte

ctttgggaaa cctcgataat

agaccgcttyg a

atgtgtgttyg agaccgagaa caacgatgga atccctactg tggagatege tttcegatgga

gagagagaaa gagctgaggc taacgtgaag ttgtctgetg agaagatgga acctgetget

ttggctaaga ccttegetag aagatacgtg gttatcgagg gagttgagta cgatgtgacce

900

960

1020

1080

1140

1197

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1371

60

120

180
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gatttcaaac atcctggagg aaccgtgatt ttctacgcetce tcetctaacac tggagctgat 240
gctactgagyg ctttcaagga gttccaccac agatctagaa aggctaggaa ggetttgget 300
getttgectt ctagacctge taagaccgcet aaagtggatg atgctgagat getccaggat 360
ttegetaagt ggagaaagga gttggagagg gacggattcet tcaagcctte tcctgetcat 420
gttgcttaca gattcgctga gttggetget atgtacgett tgggaaccta cttgatgtac 480
gctagatacg ttgtgtccte tgtgttggtt tacgcttget tettcecggage tagatgtgga 540
tgggttcaac atgagggagg acattcttct ttgaccggaa acatctggtyg ggataagaga 600
atccaagcett tcactgctgg attcggattg getggatctyg gagatatgtyg gaactccatg 660
cacaacaagc accatgctac tcctcaaaaa gtgaggcacyg atatggattt ggataccact 720
cctgetgttyg ctttettcaa caccgetgtyg gaggataata gacctagggyg attctctaag 780
tactggctca gattgcaagce ttggacctte attcctgtga cttectggatt ggtgttgete 840
ttectggatgt tcttecteca tecttctaag getttgaagyg gaggaaagta cgaggagett 900
gtgtggatgt tggctgctca tgtgattaga acctggacca ttaaggcetgt tactggattce 960
accgctatge aatcctacgg actcttettg gctacttett gggtttccgg atgctacttg 1020
ttcgctcecact tectctactte tcacacccat ttggatgttg ttcecctgctga tgagcatttg 1080
tcttgggtta ggtacgctgt ggatcacacc attgatatcg atccttctca gggatgggtt 1140
aactggttga tgggatactt gaactgccaa gtgattcatc acctcttcece ttcectatgect 1200
caattcagac aacctgaggt gtccagaaga ttcgttgcett tcgctaagaa gtggaacctce 1260
aactacaagg tgatgactta tgctggagct tggaaggcta ctttgggaaa cctcgataat 1320
gtgggaaagc actactacgt gcacggacaa cattctggaa agaccgcttg a 1371
<210> SEQ ID NO 98
<211> LENGTH: 1569
<212> TYPE: DNA
<213> ORGANISM: Pythium irregulare
<400> SEQUENCE: 98
atggttgatt tgaagccagg agtgaagaga ttggtttect ggaaggagat tagagagcac 60
gctactcecag ctactgettyg gattgtgatc caccacaagg tgtacgatat ctccaagtgg 120
gattctcate caggtggaag tgtgatgttg actcaggctyg gagaggatgce tactgatget 180
ttcgetgtgt teccatccate tteccgetttg aagetcttgg agcagttcta cgtaagttte 240
tgcttctacce tttgatatat atataataat tatcattaat tagtagtaat ataatatttc 300
aaatattttt ttcaaaataa aagaatgtag tatatagcaa ttgcttttct gtagtttata 360
agtgtgtata ttttaattta taacttttct aatatatgac caaaatttgt tgatgtgcag 420
gtaggagatyg tggatgagac ttccaaggct gagattgagg gagaaccagce ttctgatgag 480
gagagagcta gaagagagag gatcaacgag ttcatcgett cttacagaag gctcagggtt 540
aaggttaagg gaatgggact ctacgatgcet tctgctcettt actacgcttyg gaagetegtt 600
tctacctteg gaattgctgt getctctatg gctatctget tettecttcaa ctectteget 660
atgtacatgg tggctggagt tattatggga ctcttctacce aacaatctgg atggettget 720
cacgatttct tgcacaacca ggtgtgcgag aacagaactt tgggaaactt gatcggatge 780
cttgttggaa atgcttggca gggattctcet atgcaatggt ggaagaacaa gcacaacttg 840
caccacgctyg tgccaaactt gcactceget aaggatgagyg gattcatcegg agatccagat 900



183

US 9,428,757 B2

184

-continued
atcgatacca tgccattgct tgcttggtet aaggagatgg ctagaaaggce tttcegagtcet 960
gctcacggac cattcttcat caggaaccag gctttcecttgt acttcccatt gctettgttg 1020
gctagattgt cttggctcge tcagtcttte ttctacgtgt tcaccgagtt ctcattcgga 1080
atcttcgata aggtggagtt cgatggacca gaaaaggctg gattgatcgt gcactacatc 1140
tggcaactcg ctattccata cttctgcaac atgteccttgt tcgagggagt tgcttacttce 1200
ttgatgggac aagcttcttg cggattgctt ttggctcteg tgttctctat tggacacaac 1260
ggaatgtctg tgtacgagag agagaccaag ccagatttct ggcaattgca agtgactacc 1320
accagaaaca ttagggcttc cgtgttcatg gattggttca ccggaggact caactaccaa 1380
atcgatcacc acttgttcecc attggtgcca agacacaact tgccaaaggt gaacgtgttg 1440
atcaagtctc tctgcaagga gttcgatatc ccattccacg agactggatt ctgggaggga 1500
atctacgagg ttgtggatca cctcgctgat atctctaagg agttcatcac tgagttccca 1560
gctatgtga 1569
<210> SEQ ID NO 99
<211> LENGTH: 873
<212> TYPE: DNA
<213> ORGANISM: Physcomitrella patens
<400> SEQUENCE: 99
atggaagttg ttgagaggtt ctacggagag ttggatggaa aggtttccca aggagtgaac 60
getttgttgyg gatctttegg agttgagttg actgatacce caactactaa gggattgeca 120
ctcgttgatt ctccaactcecc aattgtgttg ggagtgtcetg tttacttgac catcgtgatce 180
ggaggattge tttggatcaa ggctagagat ctcaagccaa gagcttctga gecattcettg 240
ttgcaagctt tggtgttggt gcacaacttg ttectgctteg ctttgtctet ttacatgtgce 300
gtgggtatcg cttaccaagce tatcacctgg agatattcct tgtggggaaa cgcttataac 360
ccaaagcaca aggagatggc tatcctegtt tacctcettet acatgtccaa gtacgtggag 420
ttcatggata ccgtgatcat gatcctcaag agatccacca gacagatttce tttectccac 480
gtgtaccacc actcttctat ctcecttatce tggtgggceta ttgctcacca cgetccagga 540
ggagaggctt attggagtge tgctctcaac tcectggagtge acgtgttgat gtacgcttac 600
tacttecttgg ctgcttgett gagatcttce ccaaagctca agaacaagta cctcttetgg 660
ggaagatacc tcacccaatt ccagatgttc cagttcatgce tcaacttggt gcaagcttac 720
tacgatatga aaaccaacgc tccatatcca caatggctca tcaagatcct cttctactac 780
atgatctccee tettgttect cttcggaaac ttctacgtge aaaagtacat caagcecatce 840
gatggaaagc aaaagggagc taagaccgag tga 873
<210> SEQ ID NO 100
<211> LENGTH: 819
<212> TYPE: DNA
<213> ORGANISM: Thalassiosira pseudonana
<400> SEQUENCE: 100
atggatgctt ataacgctgce tatggataag attggagcetyg ctatcatcga ttggagtgat 60
ccagatggaa agttcagagc tgatagggag gattggtggt tgtgcgattt cagatccget 120
atcaccattg ctctcatcta catcgettte gtgatcttgg gatctgetgt gatgcaatct 180
ctecccageta tggacccata ccctatcaag ttectctaca acgtgtctca aatcttecte 240
tgcgettaca tgactgttga ggctggatte ctegettata ggaacggata caccgttatg 300
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ccatgcaacce acttcaacgt gaacgatcca ccagttgcta acttgctetyg getcttctac 360
atctccaaag tgtgggattt ctgggatacc atcttcattyg tgctecggaaa gaagtggaga 420
caactctett tcttgcacgt gtaccaccac accaccatct tectetteta ctggttgaac 480
gctaacgtge tctacgatgg agatatcttce ttgaccatce tectcaacgg attcattcac 540
accgtgatgt acacctacta cttcatctge atgcacacca aggattctaa gaccggaaag 600
tctttgccaa tctggtggaa gtcatctttg accgetttece aactettgea attcaccate 660
atgatgtcce aagctaccta cttggtttte cacggatgeg ataaggtttce cctcagaatce 720
accatcgtgt acttcgtgta cattctectce cttttettece tettegectceca gttettegtg 780
caatcctaca tggctccaaa gaagaagaag tccgcttga 819
<210> SEQ ID NO 101
<211> LENGTH: 1320
<212> TYPE: DNA
<213> ORGANISM: Thraustochytrium ssp.
<400> SEQUENCE: 101
atgggaaaag gatctgaggg aagatctgcet gectagagaga tgactgctga ggctaacgga 60
gataagagaa agaccatcct cattgaggga gtgttgtacg atgctaccaa cttcaaacac 120
ccaggaggtt ccattattaa cttcctcacce gagggagaag ctggagttga tgctacccaa 180
gcttacagag agttccatca gagatccgga aaggctgata agtacctcaa gtccectccca 240
aagttggatg cttctaaggt ggagtctagg ttctetgeta aggagcaggce tagaagggac 300
gctatgacca gggattacge tgctttcaga gaggagttgg ttgctgaggg atacttcgat 360
ccatctatce cacacatgat ctacagagtg gtggagattg tggetttgtt cgetttgtet 420
ttetggttga tgtctaagge ttctccaacce tetttggttt tgggagtggt gatgaacgga 480
atcgctcaag gaagatgcgg atgggttatg cacgagatgg gacacggatc tttcactgga 540
gttatctgge tcgatgatag gatgtgcgag ttcettctacyg gagttggatg tggaatgtet 600
ggacactact ggaagaacca gcactctaag caccacgctg ctccaaacag attggagcac 660
gatgtggatt tgaacacctt gccactcgtt getttcaacyg agagagttgt gaggaaggtt 720
aagccaggat ctttgttgge tttgtggetce agagttcagg cttatttgtt cgctecagtg 780
tettgettgt tgatcggatt gggatggacce ttgtacttge acccaagata tatgctcagg 840
accaagagac acatggagtt tgtgtggatc ttecgctagat atatcggatg gttctecttg 900
atgggagctt tgggatattc tcctggaact tetgtgggaa tgtacctetyg ctetttegga 960
cttggatgca tctacatctt cctccaatte gctgtgtete acacccactt gecagttacce 1020
aacccagagg atcaattgca ctggcttgag tacgctgcetg atcacaccgt gaacatctcet 1080
accaagtctt ggttggttac ctggtggatg tctaacctca acttccaaat cgagcaccac 1140
ttgttcccaa cecgctccaca attcaggttce aaggagatct ctccaagagt tgaggctctce 1200
ttcaagagac acaacctccc ttactacgat ttgccataca cctctgcectgt ttcectactacce 1260
ttcgctaace tctactctgt tggacactct gttggagetg ataccaagaa gcaggattga 1320

<210> SEQ ID NO 102
<211> LENGTH: 903

<212> TYPE:

DNA

<213> ORGANISM: Ostreococcus tauri

<400> SEQUENCE: 102
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atgtctgcta gcggagettt gttgcctget atagettteg ctgcttacge ttacgctace 60
tacgcttatg ctttegagtyg gagccacget aacggaateg ataacgtgga tgctagagag 120
tggattggag ctttgtcttt gagactccct gcaattgcaa ccacaatgta cctettgtte 180
tgccttgtgg gacctagatt gatggctaag agggaggctt ttgatcctaa gggatttatg 240
ctegettaca acgcttacca aaccgettte aacgttgtgg tgcteggaat gttegetaga 300
gagatctctyg gattgggaca acctgtttgg ggatctacta tgecttggag cgataggaag 360
tcettcaaga ttttgttggg agtgtggete cactacaaca ataagtacct cgagttgttg 420
gatactgtgt tcatggtggce taggaaaaag accaagcagce tctcetttett gecacgtgtac 480
caccacgctt tgttgatttg ggcttggtgg cttgtttgte acctcatgge taccaacgat 540
tgcatcgatg cttatttcgg agectgettge aactctttea tcecacategt gatgtactce 600
tactacctca tgtctgettt gggaattagg tgcccttgga agagatatat cacccaggcet 660
cagatgttge aattcgtgat cgtgtteget cacgetgttt tegtgctcag acaaaagcac 720
tgccectgtta ctttgecttyg ggcacaaatg ttegtgatga caaatatgtt ggtgetcette 780
ggaaacttct acctcaaggce ttactctaac aagtctaggg gagatggagce ttettetgtt 840
aagcctgetyg agactactag agcaccttcet gtgagaagaa ccaggtcaag gaagatcgat 900
tga 903
<210> SEQ ID NO 103
<211> LENGTH: 1560
<212> TYPE: DNA
<213> ORGANISM: Traustochytrium ssp.
<400> SEQUENCE: 103
atgactgttyg gatacgacga ggagatccca ttcgagcaag ttagggctca taacaagcca 60
gacgacgctt ggtgtgctat tcacggacac gtgtacgacg ttaccaagtt cgcttcagtt 120
cacccaggag gagatattat cttgcteget getggaaagg aagctactgt cctctacgag 180
acctaccatg ttagaggagt gtctgacgcet gtgctcagaa agtacagaat aggaaagttg 240
ccagacggac aaggaggagc taacgagaag gagaagagaa ccttgtctgg attgtectet 300
gettettact acacctggaa ctcecgattte tacagagtga tgagggagag agttgtgget 360
agattgaagg agagaggaaa ggctagaaga ggaggatacyg aactctggat caaggettte 420
ttgctecttg ttggattetyg gtectcetett tactggatgt gcaccctcga tecatcttte 480
ggagctatcect tggctgctat gtetttggga gtgttegcectg cttttgttgg aacctgcatce 540
caacacgatg gaaaccacgg agcttteget caatctagat gggttaacaa ggtggcagga 600
tggactttgg atatgatcgg agcttctgga atgacttggg agttccaaca cgtgttggga 660
caccacccat acactaactt gatcgaggag gagaacggat tgcaaaaggt gtccggaaag 720
aagatggata ccaagttggc tgatcaagag tctgatccag atgtgttcte cacctaccca 780
atgatgagat tgcacccttg gcaccagaag aggtggtatce acaggttcca gcacatctac 840
ggaccttteca tctteggatt catgaccatc aacaaggtgg tgactcaaga tgttggagtg 900
gtgttgagaa agagactctt ccaaatcgat gctgagtgca gatatgcttc cccaatgtac 960
gttgctaggt tctggattat gaaggctttg accgtgttgt atatggttgc tttgeccttgt 1020
tatatgcaag gaccttggca cggattgaaa ctcttcgcecta tecgctcactt cacttgcgga 1080
gaggttttgg ctaccatgtt catcgtgaac cacattatcg agggagtgtc ttacgcttcect 1140
aaggatgctg ttaagggaac tatggctcca ccaaagacta tgcacggagt gaccccaatg 1200
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aacaacacta gaaaggaggt tgaggctgag gcttctaagt ctggagctgt ggttaagtct 1260
gtgccattgg atgattgggc tgctgttcag tgccaaacct ctgtgaactg gtctgttgga 1320
tcttggtttt ggaaccactt ctctggagga ctcaaccacc aaatcgagca ccacctctte 1380
ccaggattgt ctcacgagac ctactaccac atccaagacg tggttcaatc tacctgtgcet 1440
gagtacggag ttccatacca acacgagcca tctttgtgga ctgcttactg gaagatgcetce 1500
gaacacctta gacaattggg aaacgaggag actcacgagt catggcagag agctgcttga 1560
<210> SEQ ID NO 104
<211> LENGTH: 1563
<212> TYPE: DNA
<213> ORGANISM: Phythophtora infestance
<400> SEQUENCE: 104
atgaactgce agcgtcatcce aacacacgtce gecacatgaca tcaccttegyg cagcatccett 60
geecatccteg cegegecagee tceccattect gtttetgect cgecatttgge actcatgget 120
tctcacgttyg tctegteget gagtaatgca gecactcege tgcgattcac cttgttaaac 180
cagcagctca cacaactctc ggagctegta ggggttcecag tggaccaact acgttgegte 240
gettgectgt tagetgtcta cccattggca cttategtge geaagttgec gteggtcaca 300
gctaagcatt ggctgcacat ttgegetggt gtgagcatceg ccecaattegt ctatggaaca 360
ggatggctac actcgettet atcctegetg gtcacgtacg cgttggtgtg cgtgetgecg 420
cccaaacgeg caccgttegt ggtgtttete gecaatatgt tgtttgtgge ggcactgcac 480
atccaccgta tgcgagtcaa ctatatggge tggagtatgg actcgacage gagtcagatg 540
ctgctgetcea tcaagetcac gagcttegece ttcaactacce acgatggtgt tgttcccagt 600
gccacagcayg tgcagaacgg cgactcagag cacacgaaaa gagtcaagca gttgcgtaaa 660
caactggcga tcccacagat cccgtcactg ctggagtttt tgggettegt ctactgette 720
acgacgttee tggecggtcee ggcatttgag tacaaagagt acagcgacgce tattcaccag 780
gctaggtteg tcgacaacaa cggtgtccga cgtaatgtgt ceectgegeg tgeggcaatg 840
tccaagttgg tattgggtct tggacttatg ggacttttgyg tgcagttegyg agetctagece 900
gacttgaatc agattttgaa cgatgagaat cagtccatgce tcatgaagtg ggggcgacta 960
tttgtcgegt tgttcecttgac tegtgccaag tattacgtgg cgtggaaact ggcggagggyg 1020
gegactgtge tgaccggaac gggattcgaa ggattcgacg agcagaacaa ccccaaaggce 1080
tgggatggtg tcagtaatgt ggacatcctg ggcttcgaac tcggcgccaa cgtgcgtgag 1140
atctcgegtg cttggaacaa gggcacgcag aactggcetgg agcgttatgt gtacacacgce 1200
acgggcaact cgttgcttge cacgtactct gtatcggcetce tgtggcacgg attctaccct 1260
ggttactatc tcttcttcect cacggtgeccg cttgcgacgt ctgtgaatcg cctggcgcega 1320
cgtcacgtge gtccecgtacgt tgtggacagce ccgctgaage cactctacga cctegteggt 1380
atgatctgta ctgctttggt cgtcaactac ttggccgtet cgttecgtagt getgtegtgg 1440
gaggacgcag ttgctggttt ccgctccatg cgctttactg gecacgtegg gcttgtggge 1500
tgctacttgt tgctcacctt tgtgcctatc aagaagactg cgaacagtaa gaagaccttg 1560
taa 1563

<210> SEQ ID NO 105
<211> LENGTH: 1371

<212> TYPE:

DNA
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<213> ORGANISM: Phythophtora infestance

<400> SEQUENCE: 105

atggaccgeg tcegtggactt tgtggagcac ctgcagceegt acacggaget tgccactcect 60
ttggacttca gtttecteca tgcaaaagtg gacgagetgt cegtgtceget cggtetggge 120
agcgaccage tctgctacgt cctetgecta ttegetgegt atcegetgge tgttgtgtac 180
aaactgctac ccggtgccag cctcaagcac gtgtttgatg tggtgctagyg tgtgagcate 240
getecagtteg tgctgggcete cggetgggtg cactegttcea tcetcegagett cctgacgtac 300
ctgatecgtta agttegggcece atccaagcac gegecaggea tegtgttect cttcaacatg 360
ctatacatgt cagcgtcaca catctaccgt ttgtatgtgg actacatggyg ttggacgcetg 420
gacttcacecyg gcccgcagat gcetgetggte atcaagetca ccagcettege ctacaactac 480
tacgacggceg tggtggacaa gacgtttgag aagaaaggtyg ccgagatgtce ccccggcata 540
aagaaagtgt acgaaggacg tcagaagctc gectatccagg agatcccegte tctgetcgag 600
ttettegget acgtgtacag cttcaccacce ttectggeeyg geccggegtt cgagatccge 660
gagtatttgyg acgtgacgag cggcaaaaag ttccttatgg acggcaagaa caaagagccyg 720
tcgagtgtge tcegetgegtt ctctaaatte ctggtgggat cgetgttgat ggetgegtte 780
getgtgtatyg gecccatgta cccgetgteg aacctgcacg accccaagat cgetgcegeag 840
cegttgetgt accagatccg cgacctgtac atcgegetga tettetgcaa ggccaagtat 900
tactcecgect ggaagattgce cgagggegece accgtgetgt gtggettegyg attcgaggge 960

ttcaacaagg acggaaccag tcgcggctgg aacggtgtga gcaacatgga catcttgggce 1020
tttgagttect cgcagagcat ccgtgceggece tcgcegagcect ggaacaaggg gacgcagaac 1080
tggctggaac gctacgtgta cacgcgcacg ggcaactcge tgatggccac gtacttcatc 1140
tcagccttet ggcacggatt ctacccggge tactacattt tecttcatgag tetgecgetg 1200
gctacggegyg tgaaccgttt ggetttcaag cgtcttcegte cacgtttcat cgaggccgac 1260
ggatcgtteg gagccaagaa gaaaatttac gacgtgctca gctacttgtt gacgctcette 1320
gctatgcact acttcgtcat gccgttceccag gtacttaata agtatttgtg a 1371
<210> SEQ ID NO 106

<211> LENGTH: 1458

<212> TYPE: DNA

<213> ORGANISM: Phythophtora infestance

<400> SEQUENCE: 106

atgcgtgtca ctcgecgecat tcgaagactt gecgaagegt ggategtgtt tcegetatcga 60
gcagcagage agagcatgga gatactgegt ggcccegtgg acggcatcge cctaagcgag 120
aacttccctg ttgatggatt ccgcctecatg gtggegettyg cgggttgcag cctcatcgea 180
cegetecatee acctcacacg cggcgagaca tctegtcact tgttcaatgt tgcggtggga 240
ctattecgeeg gegtettegt gttcgacttg gecgtgttge acactatcegyg gacggecgtt 300
gttgtgtatt tgctcatgat ggtggctcca agettgtggg gegcattgtg ctgecgetge 360
tgttggcegta cctctcacta ttaccgtgaa ttctacagec cagacattgt gtgggactceg 420
gcecaaatga tcctaacget taagetcage agegtegega tcaactacag tgacggceggyg 480
ctgcecacgg agaagaagac gcccacaatg cttaagaacyg agctgcaaga aatcccagag 540
ctgatccegt actttggett cgttttette tteccgacct acttggctgg tectgegtte 600

gagtacaagg actacattta ctggatgaag gacgttcgeg ttgctecttt catggtecat 660
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cteegeaate tcegtcattte cgectgetggt ttettegtet cgetecaatt cccegtegag 720
gaaatcgact cccececgactt ctteccgaaa tegtegtggg ctgtgegetg cetecgtatg 780
tgcatcccetyg tegtgttgtt cecgtttecge tactatctgg cetggteget ggccgaggeyg 840
gecgagtgetyg ctgegggegt gggctacgtg caagctactg gaaaatggaa cggcatcacy 900
aacaacgatc tcctgtgtgt ggagctteeg acgaatttec gagtggccat caacagetgg 960
aacattggag ttgcgcgctg gattaacact tacatttacc agcgcgtcgg tcetgaccaag 1020
tctgggaagt ccacgatgcet ctceccacgatg gcgtcattet ttgtcagcge tetgtggeat 1080
ggactgtcege ctggttacta cctgttcette ctcecttgggtyg gcatctacat cgaagttgge 1140
aagcaacttc gtcgtcgtet gegtccatac ttceccactaca cggaggaccg taaggctcac 1200
tcgcatgeca ttttectete gtactttage ggcacgtete atccactgge cttettgtac 1260
gacatctcgg gcatgttctt cacgtgggtg gcgatgcagt acgctggtgt cgccttcegag 1320
atcctggacg tgcgtcegttyg cctegecatt tggagctegt ggtacttcect cccgcacctt 1380
gtgagcatcg gcecttgetggt tttetttaac ctcttecccge aacgtcegetce cactceccacce 1440
gacaagaaga cgcagtaa 1458
<210> SEQ ID NO 107
<211> LENGTH: 1677
<212> TYPE: DNA
<213> ORGANISM: Phythophtora infestance
<400> SEQUENCE: 107
atgagcacca ccgcgetatt acaagectcece acttetecte ctecttegeg agagecggaa 60
tacgcagcat tggagcagct cgagccgect ctgtcccatyg caatcgacat gggggtcaaa 120
gtectcacegt cecgagtcage ggcgatagca ggtggggtcet acgtgaccge ctegtccagt 180
tgtggggect ccactatcaa gcacaatcceg ttcacgtaca cgacaccggt ggacacgtac 240
gagaaggcca agatgaccat cttgtgtctce ttaggagtce cattcatteg tttegtactg 300
ctactetgtg tgggcattct actcgtcatce gtaagtcact tggctctcat tgggtacaaa 360
ccattggacg ctcactctgg agctcegteca cetetgecac gttggagacyg tatcgteggt 420
tegectgtge cgtatctget acggtcactg atgetcateg tgggttacta ctgggttcca 480
gtgaaatacc ctccgaattt taatcgtcat gecatgecac gegtcatcegt aagcaaccat 540
ttgaccttet tcgacggact ctacatctte acgttgctat cgeccagtat cgccatgaag 600
acggacgtag ctaacctccce attgatcagt cgaatcgtge agatgattca accgattcetg 660
atcgacagag gaacacccga aggacgtaga agagcgatga atgacatcac gtcacatgtt 720
gctgatccca gtaagectee gettettgta ttceccggaag geactacatc gaatcaaacy 780
gtactgtgta aattcaaggt cgggtctttc gtctcaggtg taccgtgtca gecggttgta 840
ctacggtace cctacaaaca cttcgatttg agttggccac ctggggttte tgggttgtac 900
ttggegttac gtgtgttgtg tcaggtgtac aaccgattgg aagtggagat tctaccageg 960
tactacccgt cggagcgaga acggaaagac cctcaattat acgctattaa tgtgcgtgag 1020
gtaatggcca aagcgctggg agttcccaca acgaaccacg cttttgaaga tgtagccatg 1080
ttgatgcegtg tcggagacta cgccacaaaa cacgtcgtac cactgacaga cgtgggtgaa 1140
gtgatctcege taacggcact aaagcgaggt gacgtagatc gectggtggg ctacttceegt 1200
cgccacgacce ttgataagga cggccactta tctatgcagg agctacgtge actgttcect 1260
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aatgacgatc ctgtgatcgt tgatcagctc ttcgaccteg ttgatttaga cgacagtggg 1320
ctcatcgatt tccgggaatt gtgcttggct ctacgtgcac taaacccgca gaatatcaac 1380
gagggagacg acgccttggce gaaattcget ttccgtctet atgatcttga taacaacgga 1440
gtcatcgacg cctcectgaact ggaacaacta cttcgecttec aacgcaactt ctacggegtt 1500
tctgaagcga gtgttgcage cgcgttacgt caagctcagg cagaaaacac gaccggtatce 1560
acttataaca gattcgagca gctggtatta caaaaccccg aagttttgtg gtacgtccgce 1620
gacaaactcg aagtcctacg tggctccatg cgagaaagca gtctcgagat tccgtag 1677
<210> SEQ ID NO 108
<211> LENGTH: 1047
<212> TYPE: DNA
<213> ORGANIS